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There are certain of the more practical aspects of insect 
parasitism, in relation to the practice of biological control, 
which are of particular interest and concern at this time. The 
present account will omit consideration of the more technical 
phases and will deal only with those which have a direct bearing 
upon the methods of insect control. A brief review will also 
be given of the beginnings of the biological control movement 
in the United States and of the present status of the inter- 
national movement of insect parasites and predators. 


rHE BASIS OF BIOLOGICAL CONTROL 


The fundamental basis of biological control lies in the 
natural equilibrium which exists between all elements of the 
plant and animal world. Originally, before movements of 
plants and animals from country to country took place through 
human agency, there existed a condition of relative stability 
among all of these elements. With the advent of man as a 
dominant factor, a marked change has been brought about. 
The agricultural crops of the world, once restricted to particular 
continents, are now being grown in every section where climatic 
conditions are suitable. A glance at the records of plant 
importations into the United States will show that a large 
portion of the principal agricultural crops are of foreign origin. 
They are usually grown in vast areas of almost solid plantings, 
a condition which does not occur in nature. Their movement 
from country to country has frequently involved the carriage 
of their insect pests with them. The natural enemies of these 
insects, however, are often not included in this movement. 
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The absence of this controlling factor, combined with the 
exceptional opportunity for increase presented by large plantings 
of single crops, has enabled the pest species to become more 
destructive in the new country than in the country of origin. 

For the reasons which I have just given, the possibilities of 
insect control by the biological method are largely limited in 
ach country to those pests which are of foreign origin. When 
we consider, however, that probably more than two-thirds of 
the major pests of agricultural crops in the United States 
have come from abroad, we see that the field of opportunity is 
not seriously restricted. Even with native pests the natural 
expansion of their range over continental areas, brought about 
by the same influences governing movements between conti- 
nents or islands, often permits of the utilization of biological 
control methods in the new areas of infestation. 


BIOLOGICAL RACES 


The problem of parasite importation and distribution is 
complicated by several factors which have assumed increasing 
importance in recent years. One of these pertains to biological 
or geographical races or strains. At one time it was assumed 
that a given species had a definite and fixed capacity in relation 
to its host and that this applied throughout its range of dis- 
tribution. Recent work has demonstrated that this is not the 
case. The various strains of 7richogramma show a different 
reaction to climatic conditions and to given hosts. The studies 
upon 7iphia popilliavora Roh., an introduced parasite of the 
Japanese beetle, have shown a marked difference in reproductive 
capacity between stock from Korea and that from Japan, and 
also an appreciable difference in the time of emergence. In 
this instance a late emerging form should be of much greater 
value because of the larger number of host grubs which are in the 
proper stage for attack at the time the wasps are ready for 
oviposition. The much greater effectiveness of the New 
Jersey strain of Macrocentrus ancylivorus Roh., the oriental 
fruit moth parasite, has been amply demonstrated by extensive 
field colonization in many States. 

This situation has a direct bearing upon the program of 


parasite introduction. Heretofore we have obtained our supply 
for importation from localities where large numbers could be 
most easily and cheaply secured. It now appears, however, 
that to secure the maximum results, each species must be 
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studied throughout its range, and importations made from 
different regions, if there is reason to believe that a difference 
in habit or quality exists. 


UTILIZATION OF NATIVE PARASITES AND PREDATORS 


One phase of biological control which has been somewhat 
neglected is that of the utilization of native parasites and 
predators. The changing plant life of this country, due to the 
introduction of new crops, and to the expansion of producing 
areas of others, has resulted in a marked spread of the area of 
infestation of many pest species. In many cases the natural 
enemies have not followed the host. This may have been due 
to barriers of different types, such as mountain ranges or deserts, 
or purely to chance. A well known example is the woolly apple 
aphid, Eriosoma lanigerum Hausm., and its parasite A phelinus 
mali Hald. The colonization of this parasite in the Pacific 
Northwest has resulted in complete control, and this has led 
to an effort to establish it in all other infested sections of the 
Western States. The hessian fly, while an introduced species 
of long standing, may be considered as another example. The 
parasite series attacking it in the Eastern States is entirely 
distinct from that occurring on the Pacific Coast. The com- 
pletion of distribution of these species should result advan- 
tageously for both sections. 

Another example of the same nature is the codling moth and 
its parasite Ascogaster quadridentatus Wesm. (A. carpocapsae 
Vier.). The parasite did not follow the host in its movement 
to the West. Colonization in the State of Washington in 
recent years has resulted in a parasitization equal to that secured 
in the Eastern States. This likewise has led to a program 
for general colonization in all infested western sections. 


FACTORS GOVERNING PARASITE IMPORTATIONS 


In the preliminary stages of a project for the biological 
control of an introduced pest there arises, after the parasites 
have been located abroad, the necessity for determining those 
which shall be imported and colonized. In the early years of 
this work the general practice was to make bulk shipments of 
field-collected host material to the United States and to rear 
out and study the parasites here. The present trend in importa- 
tion work is towards the elimination of living host material 
from shipments insofar as possible. As a consequence of this, 
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it is necessary to make the more detailed studies of the parasites 
abroad to determine their status. In many cases only limited 
observations are necessary to establish that a species is of 
primary habit. Instances arise, however, where a species is 
both primary and secondary, and where this situation exists 
it is necessary to study its biology carefully before the desir- 
ability of importation can be established. Many species act 
readily as hyperparasites under experimental conditions, but 
only occasionally will they do so in the field. This applies to a 
great many of our most valuable parasites, and consequently 
the existence of this habit is not in itself sufficient ground 
for excluding a species. Where field observations, in con- 
junction with laboratory experiments, show that the primary 
habit is normal, and a decided preference is shown for the pest 
host, the tendency towards hyperparasitism may be disregarded. 

In studying the parasite complex of an insect pest in the 
country of origin the number of species involved is often great. 
For example, the natural enemies of the oriental fruit moth 
recorded in Japan and Korea total approximately 50 species, 
of which more than half are of primary habit. The present 
practice is to import and colonize as many of the primary 
species as possible, with the hope that some one of them, or the 
combined effect of a series, will bring about control. It is note- 
worthy, in this connection, that the great majority of successful 
biological control projects have been based upon a single species. 
Which species in the series this will be, cannot be determined 
in advance with any degree of certainty. For this reason, 
and because no one of them alone may be completely effective, 
the importation of the entire series is warranted. 

The subject of multiple parasitism has received a great deal 
of attention, and has been discussed in detail by Prof. Harry 
5S. Smith (1/3). The possibility of interference between parasites 
was first presented by Pemberton and Willard (//) in con- 
nection with their work on the introduced parasites of the 
Mediterranean fruit fly (Ceratitis capitata Wied.) in Hawaii. 
Their conclusion was that the net effectiveness of the series of 
parasites introduced and established was less than would have 
been secured by the single species first introduced. This 
conclusion, insofar as it applies to biological control projects 
in general, is not accepted at the present time. Instead, it is 
believed that the final result of the introduction of a series of 


1 


parasites consists of the full value of the dominant species plus 
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a varying portion of the potential effectiveness of the remain- 


ing species. 


THE RELATION BETWEEN CHEMICAL AND 
BIOLOGICAL CONTROL 


A problem which may be of great importance in insect pest 
control is the relation of chemical control practices to the 
parasite population. Investigations upon this subject have 
been limited, but point towards the necessity for considering 
this factor in planning some control programs. 

The early observations upon the effect of control treatments 
were in connection with the fumigation of citrus trees. 
Froggatt (4) in 1905 recorded that Cryptochaetum, a dipterous 
internal parasite, emerged normally from cottony cushion 
scales which had been killed by fumigation. In the case of 
predators, he states that the majority of adults and larvae 
drop to the ground at the time the tent is placed over the tree, 
and that these are consequently subjected to the minimum gas 
concentration within the tent. As a result, most of them 
survive. In 1917 Green (5) cited an instance of exceptional 
survival of internal parasites. A quantity of Lecanium confined 
in a strong cyanide jar for 18 hours yielded large numbers of 
living chalcids later. In view of this he suggests that general 
field practices in fumigation do not have a detrimental effect 
upon the parasite population. More recent investigators have 
confirmed this conclusion. Speyer (1/4) states that even the 
adults of Encarsia formosa Gahan, a parasite of the greenhouse 
whitefly, are probably not killed by normal greenhouse fumiga- 
tion practice. 

In regard to sprays, one instance which illustrates their 
importance in relation to a parasite is that of the woolly apple 
aphid and its internal parasite A phelinus mali Hald. In many 
sections A phelinus is sufficiently effective so that other control 
measures are unnecessary. Observations have shown that the 
standard spray program for the codling moth, comprising 
repeated applications of arsenical preparations, when applied 
to trees infested with the woolly aphid, does not seriously 
affect the increase and spread of A phelinus. The recent investi- 
gations by Jancke (8) in Germany, and by Noble (10) in 
Australia, have shed further light upon this particular subject. 
Jancke has shown that the winter application of tar distillates 
to woolly aphid infestation kills Aphelinus so completely 
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that recolonization is necessary the following spring. This 
material apparently penetrates the hardened shell of the dead 
aphid, within which the parasite hibernates as a mature larva, 
and kills it. Under the above circumstances it is conceivable 
that the application of tar distillates against some other pest 
might be directly responsible for a serious outbreak of the 
woolly aphid. 

Laboratory experiments by Noble upon aphids containing 
A phelinus in various stages of development have shown that 
emergence was normal in all tests involving the use of miscible 
oil, nicotine sulphate, and lime sulphur. Emergence continued 
up to 17 days after spraying, so that a portion of the parasites 
must have been in the larval stage at the time of treatment. 
Any of these materials can consequently be safely used upon 
infested trees without affecting the parasite population. 

In recent years attention has been attracted to the effect 
of codling moth sprays upon the parasite population of that 
insect, particularly Ascogaster quadridentatus Wesm. Collins 
(1), reporting upon arsenical sprays, reached the conclusion 
that the reduction in Ascogaster population in orchards in 
which these materials are used is in the order of their effective- 
ness against the codling moth. Cox and Daniel (2) conducted 
a series of experiments to determine how this effect upon the 
parasite is produced. Their field studies have revealed that 
the percentage of parasitization in unsprayed orchards was 
nearly three times as great as in those which had been sprayed. 
The experiments revealed that parasite adults confined to 
foliage bearing arsenicals live only one-half as long and deposit 
only half as many eggs as those upon untreated foliage. 
Arsenical sprays, then, are definitely detrimental to the increase 
of Ascogaster through the poisoning of the adults. Newcomer, 
in unpublished records, reports a marked decrease in field 
parasitization following the use of cryolite, cryolite and mineral 
oil, and nicotine sulphate and mineral oil, in comparison with 
unsprayed plots. 

Various workers have noted that the 7richogramma popula- 
tion in orchards is not appreciably reduced by lime sulphur or 
arsenical sprays, whereas those having an oil content bring 
about a considerable reduction. 

We come now to the effect produced by dusts of various 
types upon parasites and predators. Morrill reported in 1921 
(9) that the larvae and adults of the ladybird beetle Hip- 
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podamia convergens Guer. were unaffected by the application 
of nicotine dust upon melon vines infested with aphids. Like- 
wise the larvae of Syrphidae were not affected, and even the 
adults of Aphidius, a small hymenopterous parasite, largely 
survived. 

In Germany Grdésswald (6) came to the conclusion that 
pyrethrum is much less destructive to tachinid and ichneumonid 
parasites of the nun moth than are arsenical compounds, and 
that the parasitization in dusted areas is even higher than 
in those receiving no treatment whatever. In one undusted 
area 86 percent of the caterpillars were parasitized, whereas in 
those treated with pyrethrum, all the pupae, and %3 percent 
of the caterpillars, were parasitized. This development in 
favor of treated areas is due to two factors. Parasitized cater- 
pillars die before larval maturity is reached. Dusting with 
pyrethrum is usually done when the insects are near the end 
of the feeding stage. As a result, such larvae as are still alive 
at the time of treatment do not in any case contain parasites. 
The adult tachinids present upon the foliage at the time of 
application of the dust are of course killed. This dust, how- 
ever, vaporizes in a short time and the flies which emerge 
thereafter are consequently not affected by it. The net result 
is that the number of parasites, in relation to that of the host, 
is greatly increased. 

One point which has been clearly brought out by the observa- 
tions to date is the superiority of organic as compared with 
inorganic materials where repeated application is made, irre- 
spective of whether they are applied in spray or dust form. 
Such materials as rotenone, pyrethrum, nicotine, etc., vaporize 
or decompose within a relatively short time. They may kill 
the adult parasites which are present upon the foliage during 
the period immediately following the application, but those 
emerging thereafter are not affected. Asa result there is often 
a marked increase of parasite numbers in relation to that of the 
host. In some instances the final result is the elimination of 
the need for later spray or dust applications. 

Another phase of this subject is the effect produced by the 
parasite factor upon control experiments where the variation in 
parasite population is due to the materials used. This applies 
only where the experiments are on a seasonal basis, involving 
the application of materials at given intervals. The use of a 
readily volatile or decomposing material may result in a very 
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high percentage of parasitization during the later generations 
and excellent control may be secured. A a material 
may bring about almost complete mortality of the parasites. 
As a result the volatile material might be lee to be much 
the more toxic of the two. In reality, however, its actual 
killing effect upon the host may be much less, but the net result 
is much better because of the advantage given by increased 
parasite attack. Stated in other words, the actual relative 
value of insecticide materials under field conditions, as opposed 
to laboratory experiments, may not lie entirely in their toxic 
properties but to some extent in their effect upon the parasite 
population. This would be particularly true in dealing with 
insects having a normally high parasite population, such as the 
cabbage worm, the tussock moth, and certain scale insects. 

The few observations which have been given indicate clearly 
the importance of the subject from the practical point of view, 
and it is at once evident that it has a very close bearing upon 
both experimental and field control practices. Chemical con- 
trol measures and biological control may be entirely incom- 
patible or they may supplement each other. The application 
of chemicals against insects carrying a relatively high parasite 
or predator population may give results within the following 
extremes: 

1. More or less complete destruction of the natural enemies, 
necessitating an exceptional effectiveness of the chemical 
applied, because of the removal of one of the most important 
of the limiting factors operating against the pest. 

2. Little or no interference with the parasite population, and 
resulting in ready control, which may be, in some cases, attrib- 
uted more to the increased relative numbers of the natural 
enemies than to the toxic properties of the chemical applied. 

The first extreme was well illustrated by several orange trees 
in Malaya, heavily infested with the citrus blackfly (Aleuro- 
canthus woglumi Ashby), which were under observation during 
1930 and 1931. These were sprayed periodically with kerosene 
emulsion but the infestation repeatedly attained the maximum 
within a few months. Other trees similarly infested at the 
time of first observation, but which were not sprayed, were 
almost completely free from the blackfly three months later 
and remained so during the two years they were under observa- 
tion. The continued infestation in the first instance was 
directly attributable to the spray applications. Spraying was 
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not only valueless, it was distinctly harmful. Infestations of 
other pests, normally held to a low level by natural enemies, 
may be built up in the same way, possibly by applications 
directed against other pests on the same plants. 

In the second category, the relative numbers of parasites, 
in proportion to those of the host remaining, may be vastly 
increased. Where effective control is secured the result is due 
to the combined effect of the two factors. A chemical of this 
class having a relatively low toxicity may be of greater value 
than one with high toxicity but affecting the natural enemies 
adversely. 

Two main points should be borne in mind in considering 
this problem. The first is that a given material may be 
destructive to some species of natural enemies and not to others. 
The second is that each species of parasite or predator is 
adversely affected by some materials and not by others. This 
is governed by the habits of the adults, the manner and place 
of pupation, the stage in which hibernation takes place, etc. 
It is evident, therefore, that no broad generalizations can be 
made but that each particular problem will need to be con- 
sidered independently with the above factors in mind. 


EFFECT OF CULTURAL METHODS UPON THE PARASITE 
POPULATION 


Another phase of control practice which at times has a 
pronounced bearing upon the effectiveness of natural enemies 
is that of cultural methods and general orchard sanitation. 
The population of the natural enemies normally reaches a 
maximum in relation to that of the host at the end of the 
growing season. In general this is true, particularly among 
multi-brooded species, though many exceptions are known. 
The marked reduction in relative numbers between parasite 
and host the following spring may be attributed to a variety 
of factors, which are difficult to evaluate. In many instances 
the decline of the parasites is not related to hibernation, but 
to inability to locate in the spring the small number of hosts 
which have survived the winter. In other cases, however, the 
clean-up methods employed may bring about a high mortality 
among the parasites without a corresponding effect upon the 
host. This may be illustrated by the oriental fruit moth. 
Its most effective parasite, Macrocentrus ancylivorus Roh., is 
native to North America and occurs abundantly upon the 
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strawberry leaf-roller, the ragweed borer, and other related 
species. The vast majority of parasites pass the winter in 
these hosts rather than in the fruit moth itself. Such being the 
case, the elimination of alternate hosts through the destruction 
of their food plants results in the virtual elimination of the 
parasite population, and with no effect whatever on the fruit 
moth. Consequently, under these conditions, it must build 
up the following spring from a very low initial population. 

The general object of orchard sanitation is the elimination of 
sources of infestation other than the particular crop being grown, 
and the elimination of as large a portion of the pest species as 
possible by scraping, banding, cultivation, and any other means 
available. This may or may not have a detrimental effect upon 
parasites, depending upon their habits. 

The systematic use of chemically treated bands on scale and 
mealybug-infested trees would result in the destruction of a 
large portion of such coccinellid predators as have the habit 
of congregating in sheltered places for pupation. It is con- 
sequently necessary to study each program from the viewpoint 
of the effect the measures employed may have upon the par- 
ticular parasites and predators which attack the pests. These 
findings may suggest modifications which may greatly enhance 
the effectiveness of the natural enemies. 


THE BEGINNING OF THE BIOLOGICAL CONTROL MOVEMENT 


We may now take up that phase of biological control which 
has to do with the movement of beneficial insects from place 
to place for the control of pests. The first written record we 
have of such movement is that by Forskal (3) published post- 
humously in 1775, and which has been discussed by Paul 
Popenoe (1/2). Forskal was the naturalist of Niebuhr’s expedi- 
tion to Yemen, which is situated in the southwest corner of 
Arabia. He states that the date palms of Yemen were attacked 
by ants, which often destroyed the trees; to control them the 
growers each year brought down colonies of another species 
of ant from the mountains and placed them in the trees and that 
the destructive species was thus brought under control. The 
use of ants for the protection of orchards from insect pests is a 
practice of long standing in various Asiatic countries, and is still 
employed. The citrus growers of South China often place 
bamboo runways between the trees to aid the ants in their 
movement from tree to tree. 
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Coming down to the 19th century, we find that what is 
now known as the Puerto Rican toad (Bufo marinus L.), some- 
times erroneously referred to as the Surinam toad, was intro- 
duced into Jamaica from Barbados in 1844. This toad is a 
very extensive feeder upon beetles, mole crickets, and other 
insects of nocturnal or crepuscular habit. We do not know, 
however, that this early introduction was undertaken for pur- 
poses of insect control. 

The international movement of the more specialized parasites 
and predators began in 1873 with the shipment of the mite 
Tyroglyphus phylloxerae Riley from the United States to France 
for the control of the grape phylloxera. This was followed in 
1874 by the introduction of Coccinella undecimpunctata L. 
into New Zealand from England. The next recorded move- 
ment was that of Apanteles glomeratus L., a parasite of the 
cabbage worm, to the United States from England in 1885. 
All three of these efforts resulted in establishment. These 
isolated efforts were followed by what might be termed the true 
beginning of the sustained biological control movement. Ex- 
plorers were sent out to various countries to make a systematic 
search for natural enemies of specific insects. The first of these 
explorers was Albert Koebele, who traveled to Australia in 
1888 and 1889 for the United States Department of Agriculture 
to secure natural enemies for the control of the cottony cushion 
scale of citrus. The successful outcome of this effort is now one 
of the landmarks of biological control. His later activities 
along parasite importation lines were for the California State 
Board of Horticulture, and finally for the Hawaiian Board of 
Agriculture and Forestry. Koebele, the first of the ento- 
mological explorers, can be credited with the international 
movement and establishment of a vastly greater number of 
beneficial insects, during the 25 years he was engaged in this 
work, than any of those who followed him. 

The second of the entomological explorers was George 
Compere, of the California State Board of Horticulture, who 
traveled to the Far East and Australia in 1898 to 1901 in search 
of scale insect parasites and predators. Following this, he was 
engaged from 1901 to 1904 by the Government of West Australia 
to find and import parasites of the fruit flies. From 1904 to 
1910 he was employed jointly by West Australia and the 
California State Board of Horticulture. His search took him 
around the world, and many natural enemies of other pests 
were sent from various countries during this period. 
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The third of the early group of explorers was Frederick 
Muir, of the Hawaiian Sugar Planters’ Experiment Station, 
whose exploratory work began in 1905. His long search for a 
parasite of the sugar-cane beetle borer, Rhabdocnemis obscurus 
Boisd.), which took him to the South Sea Islands, resulting 
in the eventual finding of Ceromasia sphenophori Vill. in 
Amboina, and the prolonged effort to transport it alive to 
Hawaii, still stands out as the most brilliant example of this 
type of work. 

The three explorers whom I have named left admirable 
records of accomplishment, and their persistence and ingenuity 
in overcoming much greater difficulties than we encounter today 
is worthy of admiration. Koebele and Compere were of the 
self-trained naturalist type, whereas Muir represented the first 
of the technically trained entomologists to engage in this type 
of work. Those who followed have been in turn specialists and 
have devoted themselves quite closely to specific problems. 


RESULTS OF BIOLOGICAL CONTROL 


It might be well at this time to give a brief statement of 
the results secured in biological projects in the various parts 
of the world. At least 24 pest species have been adequately 
controlled in one or more countries, and an appreciable reduction 
has been effected in the case of at least 14 others. Some of the 
outstanding examples of the control of insect pests by the 
biological method are the cottony cushion scale in the United 
States and many other countries, the citrophilus mealybug in 
California, the sugar-cane leafhopper and the sugar-cane beetle 
borer in Hawaii, the coconut moth and coconut scale in Fiji, 
the citrus blackfly in Cuba, the spiny blackfly in Japan, and 
the woolly apple aphid in a number of countries. When we 
consider that the initial cost of a biological control project is 
the total cost, we see an enormous advantage over other means 
of control. However effective chemical or mechanical measures 
may be, their use involves continued application year after 
year, and often many times each year. 

This initial cost of biological control is often relatively high. 
Three major projects of the Bureau of Entomology and Plant 
Quarantine along this line have involved expenditures of approx- 
imately one-half million dollars each. However, the annual 
benefits derived from each of several efforts more than offset 
the total expenditures of all countries up to the present time. 
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A review of results in biological control reveals that the 
large majority of successful projects have been in insular areas, 
exemplified by Hawaii, Fiji, and New Zealand. It has fre- 
quently been asserted that insular conditions provide some 
quality lacking in continental areas, which permits the intro- 
duced natural enemies to attain their maximum effectiveness. 
In islands of volcanic origin, where the plant and insect life is 
limited in species, and of comparatively recent establishment, 
this may be true. However, a more simple explanation would 
seem to be more in accord with the facts. A great majority 
of insular areas where biological control has been undertaken 
are either sub-tropical or tropical. The continental areas, 
where similar results have been secured, are characterized by 
mild climates. It is consequently reasonable to conclude that 
climatic conditions have been the determining factor rather 
than insularity. A condition which permits the host to 
reproduce uninterruptedly without hibernation or aestivation 
presents a maximum opportunity for parasite effectiveness. 
The further we depart from this condition the greater are the 
handicaps imposed upon natural enemies. For this reason 
the relative numbers of successful efforts are reduced. A 
single example may be cited in support of this conclusion. In 
Japan the Japanese beetle (Popillia japonica Newm.) is attacked 
by Centeter cinerea Ald. This tachinid fly attacks the adult 
beetle, is largely restricted to the females, and brings about 
host death before any appreciable oviposition has taken place. 
It has every attribute of an effective parasite, and has fully 
demonstrated its ability to control the beetle in northern Japan. 
Our studies have shown it to be the only limiting factor pre- 
venting the increase of the beetle to the status of a major pest 
in that section. 

The parasite has now been established in the United States 
for more than ten years, yet its effect on the host population is 
negligible. It is evident that climatic conditions are responsible 
for its failure to become as effective in the United States as in 
its native habitat. Many other importations into temperate 
regions have failed, or have not yielded the expected results, 
because of the seeming failure of the parasites to synchronize 
their cycles with that of the host. Under tropical or sub- 
tropical conditions the period of occurrence of the host may 
be much prolonged and all stages may be present throughout 
the year. Adverse conditions and requirements are thus 
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eliminated. The large loss which often occurs during hiberna- 
tion is avoided and there is seldom need for an obligatory 
alternation of hosts. 


INTERNATIONAL MOVEMENT OF INSECT PARASITES 
AND PREDATORS 


A study of the scope of biological control work, as revealed 
by the records of international movement of parasites and 
predators, is of particular interest in that it indicates the 
countries which are playing a leading role in this method of 
control and the extent to which certain species have been 
disseminated. 

There are shown in Fig. 1 the countries of origin of the 73 
species of parasites and predators which have become estab- 
lished in the United States since the first importation in 1883. 
The total number of species imported during this time was 403 
and consequently the ratio of importations to establishments 
was approximately 514-1. It will be noted that approximately 
half of the established species have come from Europe, and 
this is understandable in view of the thirty years of almost 
continuous work in that part of the world. Of particular 
interest are the 13 species from Australia, largely the result 
of Koebele’s importations into California in 1888-93. It is 
noteworthy that the successful introductions from the Tropics 
and the Southern Hemisphere have been limited entirely to 
the natural enemies of aphids and scale insects. 

The corresponding information for Hawaii is shown in 
Fig. 2. A total of 278 species of parasites and predators were 
imported during the period from 1890-1934. Of these, 94 
species became established, the ratio of importation to estab- 
lishments thus being approximately 3-1. The proportion of 
establishments to importations is nearly double that secured 
in the United States. This may be explained, in part at least, 
by the favorable climatic conditions existing in Hawaii, where 
insects breed continuously throughout the year. In the United 
States many introduced species have shown up well during the 
season of colonization but failed to survive the winter. 

The world-wide origin of the natural enemies established in 
Hawaii is particularly noteworthy. In Fig. 1 it was shown that 
only two species from Hawaii were established in the United 
States, whereas here we see 20 species from the United States 
established in Hawaii, and 14 species from Mexico. In addition 
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to the 15 species shown from Australia three of those credited 
to the United States were also of Australian origin. 

The failure to establish a single species from South America 
in either Hawaii or the United States is rather striking. It may 
be explained in part only by the smaller amount of collection 
work conducted upon that continent. This condition contrasts 
particularly with the success which has attended the importa- 
tions from Australia. 

These two charts illustrate more strikingly than words 
can do the world-wide scope of the parasite-introduction work. 
The search for parasites and predators extends to the farthest 
corners of the earth. 


Zia * 








gata’ 


; 85-89 1890-94 1895-99 1910-14 1915-19 1920-24 1925-29 1930-34 


Fic. 3. A comparative representation of the number of species of insect parasites 
and predators imported into the continental United States, Hawaii, 
and all other countries combined, respectively, since 1870. This is given 
in five-year periods and each species movement to a country is credited 
only to the year of first importation. One unit represents the movement 
of one species from one country or geographic area to another. 


Fig. 3 is intended to show in graphic form the relative 
extent of parasite importation into the continental United 
States, Hawaii, and all other countries of the world combined. 
For comparative purposes this is given in five-year periods. 
One unit represents the movement of one species from one 
country to another, and each species movement is credited 
only to the period of first importation, even though shipment 
may have been continued for a period of years. The columns 
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in black are for the United States; those in stipple are for 
Hawaii; and the cross-hatched columns represent the combined 
figures for all other countries. 

Several pronounced peaks of importation are shown in the 
columns for the continental United States. Following the 
initial importation in 1883, the first peak occurs in 1890-94, 
and represents Koebele’s importations of parasites and predators 
of aphids and scale insects into California. The second peak, 
coming in 1905-9, comprises the beginning of the gypsy moth 
and brown-tail moth importations from Europe and Japan. 
The rise during 1920-30 is largely accounted for by importations 
of European corn borer and Japanese beetle parasites. <A 
further very marked increase during 1930-34 represents mainly 
the large-scale shipments of parasites of the oriental fruit moth 
from Japan and Korea, and of a series of forest insects from 
Europe. 

The Hawaiian work, beginning in 1890, has been much more 
consistent and the importation records for the successive periods 
show an exceptional uniformity. The number of host species 
for which natural enemies have been imported is very nearly 
the same as in the United States. It may be mentioned that 
numerous importations of scavengers, blossom pollinators, and 
weed-feeding insects have been made throughout this period, 
but they are not included in this record. 

The combined figures for all other countries are of interest 
as showing the rapid strides being made following the lead of 
the continental United States and Hawaii. A gradual increase 
is shown up to 1914, followed by a drop during the war period, 
and then culminating in a remarkable increase from that 
time onwards. The figures indicated on the chart do not 
represent the actual total importations into these countries, 
but only those recorded in publications or made known by 
correspondents. The countries accounting for a large portion 
of this increase are Canada, Fiji, New Zealand, and Australia. 
In considering the importation figures for the continental United 
States, Hawaii, and all others combined, it should be borne in 
mind that the totals given indicate, in reality, only attempts 
at importation. A relatively large number of shipments failed 
to reach the country of destination alive, and consequently 
the species concerned were never colonized. The published 
data available, however, are not sufficiently complete to make a 
compilation on the basis of actual colonization. 
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The following charts give a picture of the world movements 
of two of our best known and most effective predators and one 
parasite. Rodolia cardinalis Muls., a coccinellid predator of 
the cottony cushion scale (Icerya purchast Mask.), is native to 
Australia and was imported into the United States in 1888-89. 
Since that time it has been shipped to 40 different countries 
(Fig. 4) and this distribution is still going on. The dates of 
importation into a number of the more important regions are 
shown on the chart. The remarkable adaptability of this 
beetle is shown by the fact that it is known to have become 
established in at least 32 of these 40 countries, and the actual 
total of establishment is probably higher. 

The world movement of Cryptolaemus montrouzieri Muls., 
commonly known as the Australian beetle, which is predacious 
upon various species of mealybugs, is shown in Fig. 5. This 
species also is native to Australia and is another of Koebele’s 
importations into California, which took place in 1891. As 
shown on the chart, it was shipped during the following years 
from Australia, the United States, and other points of establish- 
ment to 35 different countries or geographic areas. Estab- 
lishment is known to have occurred in 15 of these. 

The last chart (Fig. 6) depicts the world travels of A phelinus 
mali Hald., a minute internal parasite of the woolly apple aphis 
(Eriosoma lanigerum Hausm.), a native of North America. 
Dr. L. O. Howard personally carried the first shipment of this 
parasite to France in 1920. During the following 14 years it 
has been liberated in 38 countries, and records of establishment 
are available for 28 of these. An account of the international 
movement of this parasite was published by Dr. Howard (7) 
in 1929, by which date sendings had been made to 17 countries, 
and this chart brings the record up to date insofar as published 
information is available regarding it. 

The story of the world movement of these three highly 
important species is still far from complete. Though the travels 
of the two Australian beetles started 45 years ago, yet a con- 
siderable number of the movements indicated have occurred 
within the past few years. With all three species the work will 
probably go on until the entire range of distribution of the 
hosts has been covered. The three examples shown are the 
most striking, but a similar movement of a large number of 
other species is taking place, and indications point to a large 
expansion in this international exchange of insect parasites 
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and predators in future years. This international movement 
and colonization serves to offset, or remedy, in some small 
measure at least, the injury caused by the accidental spread of 
plant-feeding pests between countries. 
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‘“‘Preliminary Announcement—By action of the Executive Committee of the 
Entomological Society of America, the annual meeting of the Society will be held 
at Atlantic City, New Jersey, December 28th to 31st, 1936. These meetings will 
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Detailed announcement of the meetings will be mailed to each member about 
October Ist.”’ 
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The Cherry case bearer, Coleophora pruniella, is a native 
of the United States and has been known to taxonomists since 
1861 when it was first described by Clemens (2) from cases 
found on wild cherry, its native host plant. Within recent 
years it has become a serious pest of cultivated cherry and 
apple in certain sections of the United States and in the vicinity 
of Quebec, Canada. 

The data embodied in the contents of this paper were secured 
during the writer’s study of the parasites of the cherry case 
bearer during the summers of 1930, 1931, 1932, and 1935 at 
the University Peninsular Branch Experiment Station at 
Sturgeon Bay, Door county, Wisconsin. 


1Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Contribution from the Department of Economic Entomology. 

The writer gratefully acknowledges the hearty cooperation of Prof. H. F. 
Wilson, under whose direction the studies were made, and to Dr. C. L. Fluke who 
rendered valuable advice and suggestions; to Mr. J. H. Lilly for assistance in 
collecting material and to Messrs. C. E. Petch and G. S. Wallev of the Entomo- 
logical Branch of the Department of Agriculture at Ottawa, Canada, for 
information on certain parasites. 
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METHODS OF INVESTIGATION 
To obtain large numbers of various species of parasites 
known to be parasitic upon prun tella, resort was made to the 
ty placing large quantities of 
ase bearer material in large cardboard boxes which were 
rovided with projecting glass tubes which were examined 


several times daily for parasites. 


) e . 1 1 5 1 . 
By far the most satisfactory method of obtaining emerging 
arasites consisted in piacing prunietia cases 1n glass vials 
: : ; “s : ? 
about two or three per vial. A series of 100 cases, collected 


from as many orchards as the number of vials would permit, 
were thus handled and the vials arranged in rows on cheese- 
cloth in shallow trays and observed twice daily for emerging 
parasites. In the case of mature larvae, however, it was found 
advisable to place the cases in the vials singly owing to the 
fact that among certain species more than one parasite issued 
from a single case. Only by the use of vials was it possible 
to be certain that the parasites were actually parasitic upon 
pruntella larvae. 

The determination of the seasonal history of the more 
common species of parasites was made by extensive sweepings 
of the foliage in several orchards at least twice a week. 

To obtain an idea of the increase in parasitism in a given 
orchard or series of orchards, collections of larvae, 100 per 
orchard, were made daily. Each larval case was carefully 
opened under the binocular. By the use of a finely pointed 
forceps and a curved needle it was possible to open a case with- 
out injuring the contents. Although a tedious process, par- 
ticularly when large numbers were concerned, this method 
was by far the most satisfactory means of obtaining parasitic 
larvae for study and to determine, in a short time, the amount 
of parasitism in any given orchard. 

Life history data were secured by rearing individual parasite 
larvae in deep cells of the ordinary ‘‘hanging-drop”’ slides. 
The placing of a small strip of moist blotting paper within the 
cell prevented dessication of the larval host. The cell was 
covered with a cover-slip held in place by a drop of water 
The slides were arranged in shallow trays, with corresponding 
numbers recorded in a notebook, and placed in darkness. 
Observations were made daily with the binocular. Cells 
made by cutting holes of various sizes in thin sheets of paraffin 
also were used successfully. 








226 Annals Entomological Society of America |Vol. XXIX, 


The adult parasites were confined in individual glass vials 
of varying sizes and fed 50 percent honey solution every other 
day. By placing minute strips of bibulous paper saturated 
with the honey solution near the mouth of the vial. entangle- 
ment of the parasites in the liquid was minimized. The vials 
were kept in darkness a few hours each day to prevent undue ) 
activity and consequent death of the parasites. 


CLASSIFICATION OF THE PARASITES 
DOOR COUNTY, WISCONSIN 


The classification adopted here is that employed 


insects of New York” (1926). 


ICHNEUMONOIDEA 


BRACONIDAI 
Viptinae ( Vipionidae Viereck 
1. Microbracon pygmaeus (Provancher 
2. Microbracon gelechiae (Ashmead 
Braconinae 
3. Bassus cinctus (Cresson 
ICHNEUMONIDAI 
Cryptinae 
4. Hemitele 5 ene lus S L\ 
5. Hemiteles n. sp 
Ichneumoninae 
6. Ephialtes Itople fis) conquisttor Say 
7. Scambus (Epiurus) indagator (Cresson 
Ophioninae 
8. Angitia n. sp 


CHALCIDOIDEA 


CHALCIDIDAE 

9. Spilochalcis torvina (Cresson 
EURYTOMIDAI 

10. Eurytoma appendigaster (Swederus 
ENCYRTIDAI 

11. Eupelmella vesicularis (Retzius 
PTEROMALIDAE 

12. Habrocytus thyridopterigis Howard 

13. Habrocytus phycidis Ashmead 

14, Habrocytus sp wae 

15. Hypopteromalus inimicus Muesebeck 

16. Eurydinota lividicorpus Girault 

17. Catolaccus aeneoviridis Girault 
EULOPHIDAE 

18. Chrysocharis ainsliei Crawford 

19. Cirrospilus flavicinctus Westwood 

20. Cirrospilus cinctithorax Girault 

21. Cirrospilus n. sp........ 

22. Derostenus sp : re : 

23. Elachertus n. sp. (near pint Gahan) 

24. Secodella cushmani Crawford 

25. Sympiesis massassoit Crawford 

26. Sympiesis maculipes Crawford 

27. Tetrastichus sp 

28. Eulophus sp 

29. Zagrammosoma sp 


REARED IN 


Mature larv 


Mat 

I ia | pygn 

Matur iTva 1 
Matut arva 


Pupa 
Mature larva 
Mature larva and pupa 


Mature larva and pupa 
Mature larva and pupa 
Mature larva 

Young and mature larva 
Mature larva 


Young larva 

Mature and young larva 

Mature larva } 
Mature larva 

Young larva 

Mature larva 

Mature larva 

Mature larva 

Mature larva 


Mature larva 
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30. Elasmus setosiscutellatus Crawford.............Mature larva 

31. Horismenus fraternus (Fitch eerie Mature larva 
TRICHOGRAMMIDAE 

32. Trichogramma minuta Riley epee a . . Egg 


EGG PARASITES 


Trichogramma minuta Riley.—Owing to the scarcity of this species 
no studies of its biology could be made but since it is a well known 
parasite of the eggs of over a hundred species of insects, representing 
several orders, many papers have been published on its biology. 

Parasitized pruniella eggs were recognized by the deep brown color 
of the chorion. The adults issued from the eggs by eating their way 
through the chorion near the apex. 


PARASITES OF FIRST INSTAR LARVAE 


A few individuals of a species of Derostenus were reared from the 
mines of young larvae on which they were observed feeding as 
ectoparasites. 


PARASITES OF SECOND INSTAR LARVAE 


The second instar larvae, living in minute cases constructed from 
portions of the mines, were attacked by Eurydinota lividicorpus. This 
species, more important as a parasite of the mature larvae, is discussed 
more fully below. 


PARASITES OF THIRD INSTAR LARVAE 


Before the larvae migrate to the buds and petioles where they pass 
the winter, each larva constructs another case which is added to the 
first or primary case. 

Larvae removed from twigs and placed in vials for emergence of 
parasites gave rise to a number of specimens of Chrysocharis ainsliet 
in 1932 and 1933. This species was first described in 1912 by Crawford 
(3) from specimens reared by Mr. C. N. Ainslie from pupae of A gromyza 
parvicornis on corn in Salt Lake City, Utah. Webster and Parks (30) 
recorded its presence in the west as a parasite of the serpentine leaf 
miner and observed the larva to feed externally upon its host. 

On opening parasitized cases of pruniella in November and Decem- 
ber in 1933, all of the larvae, save two, had been feeding as ectoparasites. 
In the two exceptions noted the larvae were enclosed by the distended 
cuticle of the host larva. When placed in a warm room activity was 
resumed and soon the cuticle of the host ruptured and gradually 
sloughed off. A number of Chrysocharis larvae, found within the 
cases of their hosts during early May were only half grown and a few 
were dead, their food supply completely depleted. Those that had 
reached maturity pupated during the latter half of May and the adults 
emerged during the last few days of May. 

Eurydinota lividicorpus made its appearance each spring from the 
overwintering cases. The period of pupation and emergence agreed 
with that of C. ainsliei. 
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PARASITES OF FOURTH AND FIFTH INSTAR LARVAI 


Microbracon pygmaeus.—The biology of this species was discussed 








separate paper by the writer (5) and need only be ment re 
It was by far the most important parasite of prusie 
Ephialtes (Itoplectis) conquisitor.—lhe females of this species 
deposited their eggs externally upon the host, one per « 1 tl 
‘va attained maturity approximately six days after eclosion. Pupa- 
on was preceded b e SI ( tt VW tish coco \\ he 
case and the adults emerged seven to eight days later. They reached 
the exterior by chewing prominent holes thr he cases 
Adult femal of this species have been rom the 
ids of the hos Johnston (13) described the f es from 
the body fluids of larvae of -lutographa bras spun but 
not pupated. Feeding of quite a different nature was observed by the 
writer. On July 3, 1933 a female was found on a case containing 


mature larva in an orchard. The case, with the female on it, was 


} - + +} ] ] - + - ‘ . wat) vy - si lx, 7 47°79" ] “ily 
brought to the laboratory and examined more closely. An irregularly 


' 
haved hole w; i Ril AR eat. pe aie ican aca we ae - 
snaped noie Was Ttound througn the wall of the case around e eages 
of which was some dried pupal fiuid. On opening the case a hole was 
likewise found through the pupal cuticle and the contents of the pupa 
Ts -] 1+ y cae +1 + 4 ; +] + “oe 
was nearly gone. It was obvious that the female had eaten a hole 
1 ] 4 } : + 1493 . f +} 
through the case and into the pu to obtain the fluid contents of the 


for food. 
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} e eh: . 


Of interest is the fact that very few females of this species were 
reared from case bearer material. Only one female was obtained from 
fifty-five recorded specimens reared in 1932 and 1933. 

Hemiteles tenellus.—Although undou 
hyperparasite in nature, this species was observed to act both as a 
primary and as a hyperparasite on pruniella and Microbracon pygmaeus 
respectively. For a discussion of tenellus as a hyperparasite of pygmaeus 
see page 236 and the writer’s paper (5). 

Each female attended to the process of oviposition with extreme 
restlessness. The abdomen was curved so that the tip of the ovipositor 
extended well below the thorax. Penetration through the case was very 
easily accomplished and the larva was given several quick thrusts; 
after paralyzation had been effected, a single egg was deposited on the 
surface of the host. The eggs were 0.202 mm. in diameter and 0.808 mm. 
in length, white in color and the chorion smooth and shining. Eclosion 
occurred in approximately 48 hours and after 5 ecdyses the larvae 
reached maturity in 7 days. The pupal stadium lasted 7 days. 

The males of this species are not known and none were encountered 
by the writer. The period of emergence was from the first to the 
middle of July in 1932 and 1933. The exact method of overwintering, 
while not determined, probably occurred as mature larvae in the 
cocoons of some parasitic species. 

Scambus (Epiurus) indagator.—Scarcity of specimens rendered a 
study of this parasite impossible. 

Eurytoma appendigaster.—This species was described as an abundant 


hyperparasite of 4 panteles melanoscelits by Muesebeck and Dohanian (21). 
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During the course of dissecting daily col 
single larva was found having two eggs of two different species on its 
surface. The larvae hatching from both of these eggs were independ- 
ently reared and eventually gave rise to Hemiteles tenellus and the 
above species. This specimen was the only one encountered in the 
four seasons of study. 

The Eurytoma egg measured 0.488 mm. in length and 0.191 mm. 
in width. Its color under the microscope appeared to be whitish but 
to the naked eye was distinctly brown owing to the numerous, closely 
set spines which covered the chorion. The day after the egg was found, 
June 16, the young larva was observed crawling out of its egg shell. 
It was interesting to note that the young larva commenced feeding as 
soon as its head was free and that it was not until the following day 
that the larva left the egg shell completely. The larva attained full 
growth in eight days. Muesebeck and Dohanian (21) observed four 
larval ecdyses on the second, third, fourth, and fifth days respectively, 
not counting the casting of the cuticle prior to pupation. About ten 
days were spent as a pupa. The mature larva measured about three 
millimeters in length and one millimeter in diameter. The color was 
whitish with the intestine appearing faintly brownish through the 
thin cuticle. Two pairs of long, light brown setae were present on the 
dorsum of each segment, the latter clearly defined. The head was 
concolorous with the body. On June 25 the larva pupated and the 
adult emerged July 3, making the total period of development, from 
eclosion to emergence, about 18 days. 

The writers cited above found females capable of depositing from 
111 to 163 eggs over a period of four months. The females fed at the 
puncture holes. 


ections of case bearers, 


Eupelmella vesicularis.—This species, the description of stages and 
biology of which was discussed in detail as a parasite of the Hessian 
fly by McConnell (16) and Phillips and Poos (23), was met with each 
season by the writer as a primary ectoparasite of pruniella. It has 
never, however, appeared in sufficiently large enough numbers to 
enable detailed studies of its life history to be made and since the 
specimens emerged at a time when the case bearers had, for the most 
part, pupated, there was no opportunity to study its biology. By 
starving young larvae at various intervals to delay development, it 
was possible to have at hand some mature larvae; on one of these 
larvae the writer induced a female to oviposit. 

The adults, unable to fly owing to their rudimentary wings, are 
greatly facilitated in their movements by their excellent leaping abilities. 
The males are not known, the females undergoing thelyotokous partheno- 
genetic reproduction. McConnell mentioned that Mr. P. R. Meyers 
reared individuals through five successive generations parthenogenetic- 
ally while McConnell himself reared it through six such generations 
without the appearance of a single male. 

Phillips and Poos (23) found the pre-oviposition period to average 
7.37 days. The female under observation of the writer required 12 
days. In the first day of oviposition the female showed only slight 
interest in the host. She punctured a larva and then left the case to 
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walk around the vial a few minutes. This was repeated many times. 
On the second day she spent considerably more time on the host, 
though frequently leaving the latter for a brief period. At the height 
of the oviposition response the female rapidly approached and mounted 
a case and proceeded to tap various points on the surface of the case 
with the tips of her antennae. When a suitable point was found, the 
tip of the cuiaian was curved forward and the exceedingly slender 
ovipositor forced through the case. She then delivered a series of short, 
rapid punctures into the larva by an upward and downward movement 
of the body. The larva jerked violently in its case but the female 
was not dislodged. During the entire time the ovipositor was inserted 
through the case the antennae were slightly uplifted and moved about 
so as to encompass a circle, first one antenna and then the other. The 
paralyzing agent did not seem to be as toxic as that of certain other 
species of parasites, as Microbracon pygmaeus, for example. On one 
occasion the female punctured a larva at least 12 times with little or 
no apparent effects, ‘the larva oonaiati ng on crawling about. At such 
times the female frequently touched the larva with its fore tarsi and tips 

f the antennae to which the larva immediately responded by retreating 
into its case. McConnell made no mention of females paralyzing 
their hosts, although he explained, on finding a dead fly pupa in a 
puparium, that it was probably killed by feeding punctures. The 
writer observed that a female would deposit an egg on a larva that 
was greatly reduced in size and almost dead owing to starvation as well 
as on normal larvae. Feeding at the puncture hole was noted regularly. 

The egg, unusual in form owing the the prominent pedicle and 
short flagellum at the cephalic and caudal ends respectively, hatched 
in about 36 hours. Approximately 20 days lapsed from eclosion to 
the emergence of the adult. 

Emergence under orchard conditions occurred, in three seasons, 
from approximately July 13 to July 21. 

According to Muesebeck and Dohanian (21) the species overwinters 
as a mature larva within the cocoon of A panteles melanoscelus where 
it acts as a hyperparasite while Phillips and Poos (23) recorded the 
mature larva overwintering in the cells of Harmolita. 


Habrocytus thyridopterigis.—Originally described by Howard as a 
primary parasite of Thyridopteryx ephemeraeformis and recorded by 
Viereck (27) as a parasite of Hemiteles thyridopterygis, this pteromalid 
made its appearance each season as an ectoparasite of pruniella |< irvae. 

The following brief description of the habits characteristic of the 
females, was based on a single specimen which emerged June 28, 1933, 
fed sugar daily and constantly supplied case bearer larvae. No in- 
clinations to oviposit were shown until July 7 when one egg was 
deposited. On the Sth she was observed piercing a case; after the 
Ovipositor was withdrawn she spent at least 10 minutes applying 
her mandibles to the surface of the case, apparently biting off minute 
fragments. After leaving the case the latter was opened and an 
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was found on the larva. Another larva was stung several times and 
when removed from the case a few minutes later was completely 
paralyzed. The naked larva immediately caused a display of interest 
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on the part of the female. She approached the larva and proceeded 
to walk over its surface, occasionally stopping to pinch the cuticle with 
her mandibles. The ovipositor was then inserted its full length into 
the larva but no egg was dep sited. All ovipositing females of other 
species of parasites mentioned in this paper completely ignored larvae 
when removed from their cases. On July 14 the above female was 
furnished another case which she immediately mounted. Instead of 
carefully examining the case, so characteristic of the other parasites 
studied, she stood quietly on the latter for 3 minutes; the ovipositor 
was then thrust through the case and held there, at half its length, 
three minutes, only twice thrust in for its full length. During the 
violent jerkings of the larva the ovipositor was almost completely 
withdrawn. During the course of paralyzing other larvae she fed 
frequently at the puncture holes. This female laid a total of 84 eggs 
in the course of 10 days, the maximum number of eggs on one day being 
18. Eclosion occurred 48 hours after deposition and the larvae attained 
full growth in about five days while 6 days was required for the pupal 
stadium. 

In 1932 and 1933 the adults issued from June 23 to the middle of 
July. 

Habrocytus phycidis.—The adults emerged June 11, 1933, one per 
host. Males and females were enclosed together in a single vial until 
June 16 and the oviposition habits of each female were then studied. 

Female No. 1.—She accepted the host only after carefully examining 
the case. After stinging the larva 12 times she left the case for 15 
minutes and then returned to pierce the larva twice more. This 
time the larva jerked violently in its case, and after leaving the 
latter for 20 minutes, she returned and pierced the larva 8 more times. 
She left the case for a brief moment and then returned and deposited 
an egg on the larva. The following day, 7 days after emergence, 
the oviposition response was more marked. During the course of 10 
days, 44 eggs were deposited (10 on one day), the female often feeding 
from the puncture holes. 

Female No. 2.—Her response was feeble on the 16th but on the 17th 
1e mounted a case and pierced the larva at 7:45 A. M. and then left 
the case for 45 minutes when she returned to deliver 2 more punctures. 
This time the ovipositor remained inserted through the case for 10 
minutes; when withdrawn she fed at the puncture hole for 70 minutes 
(9:55). She then walked over the case and after two minutes the 
ovipositor was reinserted through the puncture hole from which she 
had fed. It was withdrawn after 1 minute (9:59); after resting on the 
case | minute the ovipositor was inserted through the same puncture 
hole and held there for 2 minutes. After two more punctures she left 
the case; on opening the latter a single egg was found. This female 
deposited 38 eggs (10 on one day) during the course of 10 days. 

The third female exhibited similar activities, with a total of 59 
eggs in 8 days, the maximum on one day, 16 eggs. 


} 
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Eurydinota lividicorpus.—This parasite, known to attack only 
members of the genus Coleophora, was the most common chalcid 
encountered. 
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Copulation occurred immediately after emergence. The. males 


eagerly pursued the females in the vials and often two males attempted 





to mount a single female. The males were often dislodged before 
successful copulation was effected. 

The oviposition response was not noticeable until five or six days 
after emergence. After mounting a case the latter was thoroughly 
inspected with rapidly vibrating antennae. The center of the case 
was usually chosen through which to insert the ovipositor; before the 
actual penetration by the ovipositor the abdomen was curved down- 
ward and the tip applied to the point where the ovipositor was to enter. 

‘he acutal penetration through the case required considerable effort 
and frequently several points on the case were selected before an area 
could be found that would yield to the ovipositor. Once inserted, the 
larva was given one or more short, quick thrusts and during the move- 
ments of the larva within the case the ovipositor was partly with- 
drawn from the case. After several thrusts the females either rested 
on the case with sheathed ovipositors or preferred to walk around the 
vial to partake of the sugar solution and then return to the case to 
puncture the larva, usually through the same puncture hole. The 
interesting habit of females in biting the surface of the case while the 
ovipositor was inserted through the latter was noted frequently. When 
females punctured actively crawling larvae, the latter quickly with- 
drew into their cases, but for a short time only, and then proceeded 
to crawl about in an excited manner. On such occasions females were 
observed, with the binocular, to actually rear over the anterior ends 
of the cases and pinch the dorsal prothoracic regions with the man- 
dibles which caused the larvae to quickly withdraw into their cases. 
They were then given several more quick thrusts. In this manner 
paralyzation was finally effected. Larvae, so pinched with the mandi- 
bles, would often rear backward suddenly with their heads and thoraces 
and in one instance a female was completely dislodged from the case. 
By closing the openings of the cases with minute plugs of cotton to 
prevent the larvae from crawling, stinging was greatly facilitated. 
Some females paralyzed larvae with as few as 6 or 7 punctures while 
others required as many as 24 or more. Feeding from the puncture 
holes was characteristic for this species also. The maximum amount 
of time spent with a single larva was 45 minutes. 

The maximum number of eggs laid for one female was 23, in the 
course of 5 days. 

With lividicorpus, several eggs were normally deposited on a single 
larva, the number averaging about 7, although larvae were sometimes 
found with 14 eggs on the surface. The eggs were deposited on various 
parts of the larva and feeding of the parasite larvae occurred by suction 
through the cuticle immediately after eclosion, the parasite larvae 
remaining in a fixed position until mature. The rate of development of 
the larvae in a single case was found to vary, some pupating two days 
in advance of the others. If the larval host was too small and scarcity 
of food resulted one or more of the larvae perished. When mature the 
larvae completely filled the case while the host was reduced to a dried 
flattened mass along one side of the case. The effect of removing from 
the case a larval host on which several larvae were feeding, resulted in 
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wandering and ultimate death of the parasites. It was only possible 
to rear individual larvae by confining them and their hosts in small cells 
on glass slides and placing the whole in a dark place. About 10 days 
after pupation the adults emerged from the case by chewing their 
way to the exterior, occasionally two exit holes being made in a single 
case. 

The proportion of sexes emerging from single cases was found to 
vary. The following figures show the nature of this variation: 


No MALE FEMALE No MALE FEMALE 
| 4 5 9 l 2 
9 3 5 10 2 3 
3 6 8 1] 3 5 
4 3 2 12 2 6 
5 5 5 13 2 7 
6 3 5 14 4 5 
7 2 2 15 3 7 
8 0 5 eee 2 4 


The first adults appearing in the orchards in the spring were those 
which emerged from the overwintering case bearers during the latter 
part of May and the first few days in June. On June 15, 1931, they 
were abundant in certain orchards (particularly the Daus orchard) 
and apparently had been on the wing for several days. Hundreds 
were captured with a few sweeps of the net on fruit tree foliage and 
numerous females were observed parasitizing mature case bearer 
larvae. The parasites began issuing from mature cases, in 1931, on 
June 28, reached the peak by July 14 and ended July 20. The same 
general period held for the following three seasons. There appears with 
certainty to be at least two generations. 

The parasites then disappeared from the orchards and did not make 
their appearance again until the middle of August and the earlier part 
of September, when they were found parasitizing the small case bearer 
larvae. Sweeping during this period, however, yielded only females. 


NOTES ON THE SPECIES FOUND LESS FREQUENTLY 


Cirrospilus.—Of the three species of the genus Cirrosopilus en- 
countered, flavicinctus was the most common. Here again several 
eggs were deposited on a single larva, as many as 10 adults sometimes 
emerging from a single case. Their habits were distinctly similar to 
those of E. lividicorpus, as was also the period of emergence. On 
August 10 and 15, two females were taken by sweeping. C. flavicinctus 
overwintered as larvae in the cases of pruniella. For an account of 
the spring emergence see page 234. 

Microbracon gelechiae.—Two specimens was reared from mature 
larvae in 1931. 

Elasmus setosiscutellatus made its appearance on several occasions 
but in too few numbers to permit study. 

Sympiesis massasoit and S. maculipes, while never abundant, 
were met with each season. S. massasoit was also reared by the writer 
from the mines of Lithocolletes blancardella on apple. 
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Occasional specimens of Catolaccus aeneoviridis, Bassus cinctus, 
Tetrastichus sp., Elachertus n. sp. (near pini), Angitia n. sp., Secodella 
cushmani and a species of Eulophid were reared from mature larvae 
confined in vials. 


LESS FREQUENTLY ENCOUNTERED PUPAL PARASITES 
Spilochalcis torvina.—An apparently widespread Chalcid attacking 


the pupae of a number of different insects, made its appearance each 
year in small numbers from the pupae of pruniella. 

In oviposition a single egg was deposited within the pupa and the 
larva fed endoparasitically until it became mature. Parasitized 
pupae were recognized from normal pupae by their dried, wrinkled 
appearance, the outlines of the larva often showing through the pupal 
cuticle. Emergence occurred during the latter part of July. 

Horismenus fraternus.—<A single specimen of Horismenus fraternus 
merged from the pupa of pruniella in 1930. This species is claimed 
ry Viereck (27) to be parasitic on Hemerocampa leucostigma. 

Habrocytus thyridopterigis——While primarily an ectoparasite of 
the mature larva, they made their appearance on several occasions 
from pupae. In 1931 three adults issued from pupae, one per host. 
In one instance, a larva which was found within the abdomen of a dead 
moth in the pupa, was reared to adult. 

Cirrospilus flavicinctus.x—On rare occasions Cirrospilus flavicinctus 
ilso an ectoparasite of the larva, issued from a pupa. On July 20, 
1931, five specimens emerged from a single pruntella pupa. 

Hemiteles tenellus.—On July 25, 1925, a single specimen of Hemiteles 
fenellus emerged from a pruniella pupa. This was the only instance 
noted of fenellus acting as a pupal parasite. 
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MULTIPARASITISM 


The infestation of a single individual host insect by two or more 
species of primary parasites, incorrectly termed ‘‘superparasitism”’ is 
dependent, according to Imms (12), upon the ability of the female 
parasite to determine whether or not its intended host is parasitized 
and by “errors in instinct.’ Dissections of numerous pruniella cases 
occasionally revealed the eggs of distinct species of parasites. In one 
instance, a single larva was found bearing two eggs, Hemiteles tenellus 
and Eurytoma appendigaster. While each of these species are typical 
hyperparasites, both were reared to adults on separate hosts, indicating 
an ability to act as primaries. A mature pruniella larva could easily 
furnish food for complete development of both larvae. 

Imms (12) grouped all examples of multiparasitism into three phases 
determined by the fate of the parasites concerned: (/) when only one 
parasite succeeds in reaching maturity, the others dying for lack of 
sufficient food or attack by the other parasites; (2) when all the species 
survive and (3), when all the species die for lack of food. Among the 
parasites of pruniella examples were noted only of the second phase. 
Habrocytus thyridopterigis and Microbracon pygmaeus both emerged 
from a single case im 1931. The same was noted for Eurydinota 
lividicorpus and Eupelmella vesicularis. 
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An interesting case involving multiparasitism was noted in 1931. 
A dead pupa of Ephialtes (Itoplectis) conquisitor was found in a case 
lying between the wall of the case and the pupa of pruniella. Within 
the pupa was found a mature Hemiteles tenellus larva. The conquisitor 
pupa and fenellus larva were of normal size. Just what happened in 
this particular parasitism is a puzzle to the writer. 


SUPERPARASITISM 


The term as used here refers to that type parasitism when a single 
10st is the recipient of two or more individuals of the same species of 
parasite. Such cases are well known among the braconids and par- 
ticularly those chalcids which reproduce by polyembryony. 

It was found in the present study that if a female Microbracon 
pygmaeus was supplied a limited number of cases as many as six eggs 
were deposited on a single larva, although under orchard conditions not 
more than one egg was deposited on a single larva by a single female. 
In one instance, two small individuals emerged from a single case. 

With the chalcids, Cirrospilus flavicinctus, C. cinctithorax and 
Eurydinota lividicorpus, superparasitism was of regular occurrence. 
The number of individuals of these species that were capable of reaching 
maturity on a single host ranged from one to ten. 

On the authority of Wardle (29) there is much evidence to warrant 
the belief that an ovipositing female can regulate the number of eggs 
to be laid on a particular host larva by the size of the latter, the larger 


he larva the greater the number of parasitic larvae that can survive. 
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PTHELYOTOKY 


The ability of many species of parasitic hymenoptera to produce 

tspring without the intervention of a male has long been known. 
The term ‘“‘thelyotoky”’ is applied to cases where the male is not known, 
the resulting progeny consisting only of females. If the unfertilized 
females produce both males and females the phenomenon is known as 
leuterotoky; if only male offspring, as arrhenotoky. 

Among the parasites of C. pruniella thelyotokous reproduction was 
found to occur in both Hemiteles tenellus and Eupelmella vesticularis, 
although the phenomenon has been described in literature for a large 
number of other species. Vane (26) found it to occur in the A panteles 
thompsoni Lyle and mentioned its occurrence among such other parasites 
as Thipictenus russelli, Cwid., Coccophagus modestus Silv., Hemiteles 
longicauda Thoms., .Vemelitus canescens Grav. and Dinocampus term- 
inatus Nees. As Vance suggested it is possible that thelyotokous 
reproduction is more common among parasitic hymenoptera than 
hitherto regarded and it is indeed possible that in time the males, now 
unknown, may be discovered. 

The importance of this mode of development among parasites, 
owing to the occurrence of only females in the progeny, is apparent 
and has been discussed from several points of view in the paper by 
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Vance (ap. cit.). The chief value of thelyotokous reproduction lies 
in the much greater increase in the number of individuals than if a 
portion of the progeny were males and in the ease by which large num- 
bers of females may be obtained for quantitative liberation studies. 
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FACTORS LIMITING THE ABUNDANCE OF PARASITES 


In the writer’s opinion the greatest single factor that limited the 
numbers of and consequent efficacy of the parasites of Coleophora 
pruniella was the lack of sufficient numbers of secondary hosts to main- 
tain an abundant parasite population. Such species as H. tenellus, 
E. conquisitor and E. indagator, as well as certain others having a large 
number of other hosts than pruniella, were able to maintain themselves 
in plentiful numbers throughout the season and overwintered with little 
difficulty. However, several other species of parasites, such as E. 
lividicor pus and M. pygmaeus, have been recorded, up to the present 
time, only from various members of the genus Coleophora. If these 
species had hosts at all abundant, particularly overwintering hosts, 
they would, it would seem, have a much greater chance for survival 
in large numbers and the consequent parasitism of pruniella would be 
considerably increased. 


TABLE I, RELATIVE ABUNDANCE OF MORE IMPORTANT SPECIES 
OF PARASITES IN 1932 AND 1933 


1932 1933 


St ecies re ik ee ae ae : ae i . 7 a ee a ~ 
Number | Number Total Number | Number Total 
| Males Females |PerCent | Males | Females | PerCent 
M. pyemacns. paiees : 253 151 75.3 25 15 26.1 
E. lividicorpus....... 65 109 5.9 18.5 
H. thyridopterigis.... 11 10 3.7 8 13 13.7 
Cirrospilus spp...... 40 51 4.8 9 12 7.38 
PEPER 5654563 Sos ae Wiew eve 15 2.7 9 5.8 
E. conquisitor.. ‘ on 
E. indagator....... i 2.1 41 27.4 
Sympiesis spp....... one ae 6 1.1 
es MEF ED 55.6 Gas0:01 6% tines 10 1.8 l 0.6 
Miscellaneous spp 1.8 9.8 


Hyperparasitism, or the ——. of parasites by other species, 
appears to be the natural method of limiting the numbers of parasitic 
insects and the common belief that no primary parasite is free from 
attack by other specific parasites is probably largely true. 

The fact that pruniella, during practically its complete life as a larva, 
is protected by a case, would seem to indicate that it would be a favor- 
able subject for attack, not only by primary parasites but by hyper- 
parasites as well. However, considering the 32 species encountered, 
only two or three were true hyperparasites. 

Hemiteles tenellus, as a hyperparasite of Microbracon pygmaeus 
was discussed in an earlier paper by the writer (5) where it was pointed 
out that fenellus also acted in the role of a primary parasite. 
Spilochalcis torvina, a true pupal parasite of pruniella was found only 
once to act as a hyperparasite, with Ephialtes (Itoplectis) conguisitor 
as its host, although Muesebeck and Dohanian (21) recorded it as 
attacking the cocoons of A panteles melanoscelus Ratz. but only in slight 
numbers. Lurydinota lividicorpus, while typically a primary, was 
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observed to feed upon a larva of Microbracon pygmaeus. Hypopter- 
omalus inimicus, first described in 1927 by Muesebeck (20) as a parasite 
of A panteles melanoscelus, was obtained from mature cases of pruniella, 
though its host was not determined. 


RELATIVE ABUNDANCE OF PARASITES 


The relative numbers, in percent, of the more important species of 
parasites that emerged in the laboratory during 1932 and 19338 are given 
in Table I. 


TaBLe II. PARASITISM OF OVER-WINTERING LARVAE 


Date of Number of Per Cent 





— Orchard Collections Host: Parasitism 
932 May, June 350 10.2 
May LOO 4.0 
May ] 370 20.2 
933 April, May. 350 1.1 
April, May 150 3.3 
May 50 0.0 
April, Mav. 200 5.0 
April. 50 0.0 
April, May 200 1.5 
May 200 14.5 
\lay a 50 0.0 
Lawrence April. 50 2.0 
Squier April, May. 150 2.0 
Dau December.. 100 10.0 
Gordon November 100 22.0 
Hahn ; November. 100 6.0 
Larned... December.. 100 13.0 
Lawrence, A December.. 100 13.0 
Lawrence, B December.. 100 3.0 
Station... December.. 100 23 .0 
Squier. December.. 100 6.0 


ECONOMIC VALUE OF THE PARASITES OF PRUNIELLA 
THE EGG STAGE 
The amount of parasitism of the eggs was found to be exceedingly 
small. Of a total of 1,256 eggs placed in vials in 1932 and 1933 only 
one parasite emerged, a male Trichogramma minuta. 


THE LARVAL STAGE 

The first instar larva lives in an irregularly-shaped mine in the 
leaf below the egg before it constructs its primary case. A total of 600 
mines, observed daily for parasites, revealed only two specimens of a 
species belonging to-the genus Derostenus. 

The amount of parasitism of the larvae in their primary cases was 
also very slight. A collection of 1000 cases in 1932 yielded only one 
parasite, also a Derostenus sp. 

Larvae in the third instar live in two-compartment cases, in which 
they pass the winter on the twigs. The variations in the amount of 
parasitism of larvae in this stage is summarized in Table II. 
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After migrating to the opening buds and leaves in the spring, two 
more additions are added to each of the cases. In these stages, the 
fourth and fifth instars respectively, the larvae are subjected to a far 
greater attack from parasites, although the prepupae are also the 
recipients of a considerable attack. 

Almost immediately after the larvae resumed feeding in May they 
were subjected to attack by Microbracon pygmaeus and later by a score 
of other species. Consequently, there was always a gradual increase 


TABLE III. INCREASE IN PARASITISM IN SEVERAL Door CouNTY ORCHARDS 








Year Year 
Orchard pate. i. Orchard Date 
1932 | 1933 1932 | 1933 
Bingham May 27 1.0 ||Larned June 2 6.0 
- June 2 2.2 - June 6 1.0 
June 7 0.8 ; . June 9 2.0 
June 10 3.0 - June 12 1.0 
June 13 1.0 . June 13 2.0 
June 19 | 4.0 . June 15 3.0 
June 23 | 31.0 . June 21 6.0 
June 24 | 17.0 . June 23 12.0 
June 30 |.. 19.0 e June 26 8.0 
July 1 | 41.0 . June 28 14.0 
July 3 10.0 June 30 4.0 
July 4 | 32.0 id July 3 11.0 
Gordon June 2 : Lawrence June 2 
r June 7| 8.9 | 12.0 . June 7 | 28.0 1.0 
June 13 | 2.0 . June 17 ; 9.0 
June 14 | 1.0 . June 30 | 13.0 | 18.0 
June 17 | 1.0 a July 11 | 24.0 
. June 23 |. 9.0 . July 22 | 10.0 
June 28 |. 14.0 « July 23 | 33.0 
July 3 ..| 10.0 ||Squier June 2 1.0 
July 13 | 28.0 rom . June 7 1.0 
" July 18 | 36.0 . June 9 
Hahn..... ..| June 2 |-.+.- 14.0 . June 17 15.0 
. June 7 | 48.0 | 73 June 19 13.0 
June 10 j...... | 17.0 . June 27 | 35.0 
June 17 | 54.0 : - June 30 vot EO 
June 19 ieee = July 8 | 34.0 
July 15 | 15.0 | 21.0 . July 9 | 41.0 
July 23 | B00 |... “ July 20 | 39.0 
july Ze |... | 19.0 


in the amount of parasitism during the larval spring feeding period and 
in some orchards the number of case bearers were materially lessened. 
In Table III the increase of parasitism among certain orchards is 
given for 1932 and 1933. 

Table IV gives the average percentages of parasitism in 18 Door 
county orchards for 1931, 1932, and 1933. The minimum and 
maximum percentages of parasitism in 8 of these orchards in 1932 and 
1933 are given in Table V. 
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TABLE IV. VARIATIONS IN PARASITISM IN Door County ORCHARDS 


1931 1932 1933 


’ - 
Total |PerCent Total |PerCent Total |PerCent 


Orchard 


Number Para- Number Para- Number Para- 

Hosts sitism Hosts sitism Hosts sitism 
Bingham 85 16.4 750 19.0 1,349 8.2 
Burn L100 5.0 
Cad\ 100 14.0 
Bagnol ‘ 18S 2.1 be 
Daus 1,176 43.5 1,538 58.8 390 23 .0 
Irving Sasaae 198 33.0 
Gobert Bhs 100 5.0 
Goff : 200 1.5 200 4.5 
Gordon 44 40.8 450 21.6 620 5.0 
Hahn : 400 38.7 326 16.8 
Jacobs 200 29.0 64 23 .4 
Larned er 1,224 6.9 
Lawrence 400 21.5 262 5.3 
Martin ; peaks ; 200 14.0 
Nebel 100 0.0 495 14.7 
Reynolds ‘ , ; 
Squier 500 25.4 600 8.0 
Zettel ; 200 14.6 


TABLE V. MINIMUM AND MAXIMUM PARASITISM IN EIGHT ORCHARDS 


1932 1933 

Orchard Minimum Maximum Minimum Maximum 

Date % Date Yi Date Qi Date o 
Paras Paras. Paras. Paras. 
Bingham 6-7 2.0 45.0 5-27 1.0 6-30 24.0 
Daus 6-4 30.0 6-10 92.0 6-14 34.0 6-5 42.0 
Gordon 6-2 14.0 6-23 33.0 6-14 1.0 6-28 13.6 
Hahn 7-15 14.0 6-17 54.0 6-2 13.2 6-28 19.0 
Jacobs ; 6-23 6-7 30.0 6-2 23 .4 ; 
Lawrence 6-7 28.0 6-23 33.0 6-9 1.0 6-30 13.0 
Squier 6-7 1.0 7-8 33.0 6-2 1.0 6-30 19.0 
Larned ; 6-12 1.0 6-28 14.0 


SURVEY OF THE PARASITES OF COLEOPHORA SPP. 

The literature on the efficacy and biology of the parasitic 
enemies of species of the genus Coleophora (Ilaploptilia) in 
the United States and Canada is exceedingly scanty, the 
investigators limiting themselves for the most part merely to 
listing the species of parasites found in their rearings. 

Riley (24) observed a minute chalcid parasitizing the 
pistol case bearer, C. malivorella in Pennsylvania and stated 
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that the amount of parasitism ‘increased to such an extent 
since the ravages of the coleophora became important 

that it bids fair to render additional remedies unnecessary.’ 
He observed no parasitism in 1877 but in 1878 about half of 
them were attacked. Lowe (15) found three species of parasites 
attacking this species in New York and stated that the ‘‘number 
of parasitized case bearer was sufficient to indicate that these 


’ 
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little parasites may be an important check to the increase in 
numbers of this pest.”’ Gould (9) reported 11 species of 
parasites from C. malivorella in West Virginia in 1931 but 
made no mention of their relative numbers or economic value. 
Hammar (10), in 1909, reported a 10 percent parasitism of 
C. fletcherella, the cigar case bearer, by a species of //abrocytus 
in Pennsylvania. Davidson (4) observed a 42 percent parasit- 
ism of C. sacramenta in California in 1910 by Eurydinota 
flavicorpus Gir. while in 1916 about one-third of all the cases 
collected were parasitized. C. laricella, the larch case bearer, 
at Chipman, Canada, was reported by Baird (1) in 1923 to 
have an 8.5 percent parasitism by a ‘‘species of Chalcid with 
swollen femur’ (Spilochalcis torvina?) while ‘‘a species of 


wingless Braconid gave 1 percent parasitism and another 
Chalcid and a Braconid also gave about 1 percent parasitism.”’ } 
In Table VI is a list of the species of Coleophora from which 
parasites have been recorded in the United States and Canada. 
Those species of parasites found by the writer to attack 
Coleophora pruniella are indicated by an asterisk. 
TABLE VI. REVIEW OF THE PARASITES OF MEMBERS OF THE GENUS COLEOPHORA 
Coleophora sp. Parasit Locality Recorded | 
alinantennaella Wild...| Campoplex (Angitia 
| antennaella Walley.| Canada Walley 1932 (28 
alniella Heinr Bassus cinctus 
(Cress. )* ‘ Canada Walley 1932 (28 
Microbracon 
melanas pis (Ash.)..| Canada Walley 1932 (28 
caryaefoll lla Clem. Rhyssalus 
trilineatus Ashm Washington, \ 
D.C Insect Life 1889! } 
...| Pteromalid sp ..| N. Carolina. Leiby 1925 (14 
cinerella Cham Scambus inqutst- 
torellus(DalleTorre)| Connecticut. Viereck 1916 (27 
Scambus inquisttor 
(Say).. ‘ re Insect Life 1890? 
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cinerella £ 
Cham 
cispiticella Walsingh.. 


comptoniella(?) Me.D 


fletcherella Fern 


innotabilis Brn 


aricella Hbn 


leucochrysella Clem 


malivorella Riley 


8Vol. 3, p. 461. 
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Parasites 


Scambus indagatrix 
Walsh 


> 7 
Bassus earinoides 
Vicrobracon sp 


Vicrobracon 
juncicola (Ashm. 

Bassus annulipes 
Cre ss. 

Microdus laticinctus 
Ash aes 

Habrocytus sp. 

Mic roovracon 
pygmaeus (Prov. 

Hemiteles tenellus 


Sa\ 
[Spilochalcis sp. (?)] 
Wingless Braconid. 
Chalcid sp 
Microbracon 

py symaeus (Prov. 


Bassus ce 
Rohw 


leophorae 


Hyposoter annulipes 
Cress 
Hemiteles gracilariae 
(Ashm.) 
Hemiteles tenellus 
(Say)*. 
Microbracon 
pygmaeus (Prov. 
Macrocentrus 
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Meteorus vulgaris 
Cress. ‘ 
Rhoptrocentrus n. sp. 
Bassus coleophorae 
Rohw. 
Monodontomerus (? 
n. Sp ° 
Coleopisthia 
(Trine ptis hemero- 
cam pae Gir , 
Habrocytus n. sp. (or| 
possibly Phycidis*)| 
3 unidentified species| 
Pteromalid sp 
Pachyneuron sp 
Tetrastichus (?) sp 
Petromalus sp 
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Canada 
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Canada 
Canada 
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Pennsylvania.. 
Pennsylvania 


West Virginia 
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Fletcher 1897 (7 
Hammar 1909 (10 
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Baird 1923 (1 
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Muesebeck 
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salmani Hein 
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volcket Heinr 
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sp. 
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Ecphora sp 
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Diplole pis sp 
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Orgilus sp 
Eupelmella vesicu- 
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Microbracon 
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SUMMARY 


1. Thirty-two species of parasites, representing 3 braconids, 
5 ichneumonids and 24 chalcids, were reared from Coleophora 
(Haploptilia) pruniella Cl. in Door county, Wisconsin. 

2. The egg was attacked only by Trichogramma minuta 
Riley, the first instar mining larvae by a species of Derostenus 
and the young, late summer larvae in their small cases, by a 
Derostenus sp., Chrysocharis ainsliet Cwfd. and Eurydinota 
lividicorpus Gir., the two last-named species passing the winter 
on their hosts. The mature larvae, in their four-compartment 
cases, were the recipients of the greatest amount of parasitism, 
notably by Microbracon pygmaeus (Prov.), Ephialtes (Itoplectis) 
conquisitor (Say), Scambus (Epicurus) indagator (Cress.), Eury- 
dinota lividicorpus (Gir.), Cirrospilus spp., and Habrocytus spp. 
The only true pupal parasite was Spilochalcis torvina (Cress.). 

3. Allof the larval parasites were ectoparasites; the females, 
preceding oviposition, rendered the larvae inactive by a para- 
lyzing agent. The adults escaped from the cases by eating 
their way to the exterior. 

1. Observations were made on the oviposition habits of 
several species and recorded herein. 

5. Several examples of multiparasitism were noted. 

6. Superparasitism was predominant for Eurydinota lividi- 
corpus Gir., Cirrospilus flavicinctus West. and C. cinctithorax, 
as many as 10 adults often emerging from a single case. Of 
the remaining species of parasites, one per host was the rule. 

7. Hemiteles tenellus (Say), the only true hyperparasite, 
also acted as a primary parasite. Occasionally, other species 
acted as hyperparasites. 

8. In 1932, 75.3 percent of all the parasites encountered 
were M. pygmaeus (Prov.), the figure dropping to 26.1 percent 
in 1933. E. conquisitor (Say) and E. indagator (Cress.) increased 
from 2.1 percent in 1932 to 27.4 percent in 1933; H. thyrido- 
pterigis, from 3.7 percent to 13.7 percent and E. lividicorpus 
Gir., from 5.9 percent to 18.5 percent. 

9. The amount of parasitism in various Door county 
orchards varied greatly. The parasitism of over-wintering 
larvae never exceeded 23.0 percent. The parasitism of mature 
larvae ranged from 5.0 percent in some highly infested orchards 
to 58.8 percent among light to moderately infested orchards. 
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FIVE NEW INDIAN MEMBRACIDAE 


W. D. FUNKHOUSER, 


University of Kentucky 


Through the courtesy of Mr. J. C. M. Gardner, Systematic 
Entomologist of the Forest Research Institute located at Dehra 
Dun, India, the writer has had the privilege of examining an 
interesting series of Membracidae, mostly collected in northern 
India. The collection contains five new species which are here 
described. The types of all of these new species have been 
deposited, at the request of Mr. Gardner, in the British 
Museum. 


|. Leptocentrus luteinervis sp. nov. 
(Fig. 1) 


Black, punctate, pubescent; suprahumeral horns very thin, spine- 
like, extending upward and backward; posterior process arising high 
above scutellum, curving downward to touch tegmina at a point about 
half way between internal angles and tips; tegmina opaque dark brown 
with veins broadly outlined in yellow; under-surface of body black; 
femora black; tibiae yellow; tarsi ferruginous. 

Technical Description: Head subquadrate, broader than long, finely 
punctate, densely pubescent; base strongly arcuate; eyes large, promi- 
nent, glassy; ocelli large, prominent, white, twice as far from each other 
as from the eyes and situated well above a line drawn through centers 
of eyes; inferior margins of genae rounded and flaring; clypeus extending 
for more than two-thirds its length below inferior margins of genae, 
densely pubescent, tip rounded. 

Pronotum black, coarsely punctate, densely pubescent; metopidium 
convex, about as broad as high, inferior margin extending over head; 
humeral angles strong, triangular, acute; median carina strongly 
percurrent; suprahumeral horns long, slender, extending upward 
and outward and curving backward, more than twice as long as the 
distance between their bases, quadricarinate, tips acuminate; posterior 
process slender, strongly arcuate, arising high above scutellum, then 
curving downward to touch tegmina at a point about halfway between 
internal angles and tips, diameter uniform except tip, which is suddenly 
acuminate, quadricarinate throughout its entire length; scutellum 
entirely exposed, long, narrow, punctate, pubescent, tip weakly bifid. 

Tegmina long, narrow, opaque and dark brown except tip which is 
smoky-hyaline; veins very prominent and broadly outlined in flat 
yellow; base black and punctate; limbus very narrow; five apical and 
three discoidal areas. 

Sides of thorax black and strongly tomentose; undersurface of body 
black; femora black; tibiae luteus; tarsi ferruginous. 
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Length from front of head to tips of tegmina 6.8 mm.; width bétween 
tips of suprahumerals 5 mm. 


Type: Female. 

Type locality: Bagdogra Range, Kurseong, Bengal. 

Described from two females, the type specimen collected by 
N. C. Chatterjee on June 27, 1935, on Michelia champaca and 
the paratype taken at Silchar, Cachar, Assam, on April 3, 1908. 
Type in British Museum collection; paratype in author's 





collection. The species may be at once recognized by the 


slender suprahumerals and posterior process and especially 
by the yellow veins of the tegmina. 


2. Maurya bicolor sp. nov. 
Fig. 2 


Brown and bright vellow dorsum; coarsely punctate, sparingly 


pubescent; suprahumeral horns strong, flattened, truncate; posterior 
process very strongly tectiform and reaching just beyond internal 
angles of tegmina; eyes white; tegmina smoky-hyaline, tip sharply 
pointed; undersurface dark brown; legs reddish brown. 

Technical Description: Head subquadrate, wider than long, roughly 
sculptured, bright reddish brown, finely punctate, sparingly pubescent 


with long golden hairs; base arcuate and sinuate; eyes large, prominent, 


opaque-white; ocelli small, inconspicuous, white, farther from each 
other than from the eyes and situated well above a line drawn through 
centers of eyes; inferior margins of genae sinuate; clypeus broad 


extending for more than half its length below inferior margins of genae, 
tip truncate and strongly pilose. 

Pronotum bright reddish brown with the central part of dorsum 
and posterior bases of suprahumerals bright yellow; coarsely punctate, 
sparingly pubescent; metopidium convex, wider than high; median 
carina strongly percurrent; humeral angles heavy, triangular, blunt; 
suprahumeral horns heavy, slightly flattened dorsoventrally, extending 
outward and upward; as long as the distance between their bases, tips 
transversely truncate; posterior process heavy, tectiform, sharply 
keeled, slightly arcuate just before tip, reaching just beyond internal 
angles of tegmina, tip suddenly acute; scutellum narrowly exposed. 

Tegmina long, pointed, subhyaline; base brown, coriaceous, punctate 

1 pubescent; brown spot at extreme tip; limbus narrow; veins strong 
and brown; five apical and three discoidal areas; veins distinctly hirsute. 
Undersurface of thorax and abdomen dark brown, slightly tomentose; 
femora, tibiae and tarsi uniformly bright reddish brown. 

Length from front of head to tips of tegmina 6.6 mm.; width between 
tips of suprahumerals 3.8 mm. 


ind 


Type: Female. Male similar but slightly smaller and 
darker with yellow spot less pronounced. 
Type locality: Degrepani, Darjeeling, Bengal. 





1936] Funkhouser: New Membracidae 247 


Described from three females and one male. One female 
and one male from the type locality collected by Mr. J. C. M. 
Gardner, on September 18, 1929, at an altitude of 6,000 feet 
and the other two taken by Mr. Gardner at the same altitude 
at Rangirum, Darjeeling, Bengal, on September 4, 1929. 

Holotype and allotype in the British Museum collection; 
one paratype in author’s collection and one paratype in Forest 
Research Institute Collection. 

Mr. Gardner’s field notes give no host plant for this species. 





Fig. 1, Leptocentrus luteinervis sp. nov. Fig. 2, Maurya bicolor sp. nov. Fig. 3, 
Centruchus Lrevicornis sp. nov. Fig. 4, Crvptaspidia fasciata sp. nov. Fig. 5, 


Gargara maculata sp. nov. 


3. Centruchus brevicornis sp. nov. 


(Fig. 3) 


Dark brown, punctate, pubescent; suprahumerals short, heavy, 
triangular, blunt; posterior process short, straight, heavy, tectiform, 
just reaching internal angles of tegmina; tegmina wrinkled hyaline, 
base brown and punctate; sides of thorax black with tomentose 
pubescence; femora black, tibia and tarsi brown; hind trochanters 


unarmed. 
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Technical Description: Head subquadrate, wider than long, black, 
roughly sculptured, finely punctate, densely pubescent; base weakly 
arcuate and strongly sinuate; eyes brown, not prominent; ocelli small, 
inconspicuous, dark brown, farther from each other than from the eyes 
and situated about on a line drawn through centers of eyes. 

Pronotum brown, punctate, pubescent; metopidium very roughly 
sculptured, convex, wider than high, a black fossa above each eye; 
humeral angles heavy, triangular, blunt; median carina strongly per- 
current; suprahumeral horns short, heavy, triangular, blunt, slightly 
flattened dorsoventrally, extending outward and very slightly upward, 
not as long as the distance between their bases; posterior process short, 
heavy, straight, blunt, tectiform, extending just to internal angles of 
tegmina, tip black; scutellum narrowly exposed, black. 

Tegmina wrinkled hyaline; base broadly coriaceous, brown, punctate; 
limbus narrow; veins strong, brown; five apical and three discoidal areas. 

Sides of thorax black, sparingly white tomentose; femora black; hind 
trochanters unarmed; tibiae and tarsi brown. 

Length from front of head to tips of tegmina 5.7 mm.; width between 
tips of suprahumerals 2.7 mm. 


Type: Female. 

Type locality: Putshai, Lolab Valley, Kashmir. 

Described from six females and one male. Three of the 
specimens are from the type locality, taken at an altitude of 
6,000 feet by C. F. C. Beeson on May 23, 1928; two are from 
Konain, Chakrata, U. P., altitude 7,850 feet, collected by 
J. C. M. Gardner on May 25, 1934, by beating Cedrus deodara; 
the male is from Mundali, Chakrata, U. P., collected by 5S. 
Badahur on June 24, 1933, and the other specimen was taken at 
Khurama, Lolab Valley, Kashmir, at an altitude of 5,500 
feet by C. F. C. Beeson on May 22, 1928. 

Holotype and allotype in the British Museum collection; 
two paratypes in author's collection and three paratypes in 
the Forest Research Institute collection. 


!. Cryptaspidia fasciata sp. nov. 
(Fig. 4 


Robust, black, punctate, pubescent; pronotum swollen; no supra- 
humerals; scutellum entirely hidden; posterior process tectiform, just 
reaching internal angles of tegmina; tegmina hyaline, base narrowly 
black, a conspicuous reddish brown band across apical region; sides of 
thorax, undersurface of body and femora black; tibiae and tarsi 
ferruginous. 

Technical Description: Head subquadrate, wider than long, black, 
coarsely punctate, sparingly pubescent; base regularly arcuate; eyes 
large, conspicuous, sordid white; ocelli small, conspicuous, pearly, 
farther from each other than from the eyes and situated well above a 
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line drawn through centers of eyes; inferior margins of genae sinuate; 
clypeus broad, flat, pilose, extending for half its length below inferior 
margins of genae, tip rounded. 

Pronotum black, coarsely punctate, pubescent with sparse golden 
hairs; metopidium sloping, wider than high; humeral angles prominent, 
blunt; median carina obsolete except on posterior process; scutellum 
not at all exposed; posterior process heavy, tectiform, tricarinate; tip 
suddenly acuminate and extending just to internal angles of tegmina. 

Tegmina hyaline; base narrowly black, coriaceous and punctate; a 
large reddish brown spot just below apex of posterior process and a 
conspicuous reddish brown band across the apical area; limbus wide; 
veins prominent and brown; five apical and three discoidal cells. 

Sides of thorax black with sparing white pilosity; abdomen black; 
femora and bases of tibiae black; distal ends of tibiae ferruginous; tarsi 
ferruginous. 

Length from front of head to tips of tegmina 5 mm.; width between 
humeral angles 2.2 mm. 


Type: Male. 

Type locality: Berenag, Almora, U. P., India. 

Described from two males. The type specimen was col- 
lected by R. N. Parker on July 30, 1923. The other specimen 
was taken at Dehra Dun and bears the label ‘‘Student’s Coll. 
1932.’ 

Type in British Museum collection; paratype in author’s 
collection. 


5. Gargara maculata sp. nov. 
(Fig. 5) 

Robust, black, punctate, pubescent; eyes white; posterior process 
arcuate and sharply keeled, just reaching internal angles of tegmina; 
tegmina hyaline, maculate with brown; sides of thorax black, maculate 
with white tomentose patches; undersurface black; legs ferruginous. 

Technical Description: Head subquadrate, wider than long, black, 
finely punctate, densely pubescent; base regularly arcuate; eyes large, 
prominent, white; ocelli conspicuous, pearly, equidistant from each 
other and from the eyes and situated well above a line drawn through 
centers of eyes; inferior margins of genae rounded and somewhat 
flaring; clypeus extending for somewhat more than half its length 
below inferior margins of genae, tip broad, rounded, flanged, pilose. 

Pronotum black, finely punctate, densely pubescent with long 
golden hairs; metopidium sloping, wider than high; humeral angles 
weak, triangular, blunt; posterior process heavy, tectiform, slightly 
arcuate at center, tip acuminate, extending just to internal angles of 
tegmina; scutellum broadly exposed. 

Tegmina hyaline; base broadly black, coriaceous and punctate; 
a brown spot on apical margin just behind tip of posterior process and 
another on tip; veins of discoidal area strongly marked with brown: 
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apical limbus broad; costal and apical veins strongly pilose; five apical 
and three discoidal cells. 

Sides of thorax black but with dense white tomentose patches; 
undersurface black; femora, tibiae and tarsi ferruginous. 

Length from front of head to tips of tegmina 4.6 mm.; width between 
tips of humeral angles 2.3 mm. 


Type: Male. 

Type locality: North Andaman. 

Described from two males, one from the type locality 
collected by C. F. C. Beeson on March 11, 1930, and the other 
from Nicobar Island with the pin label reading ‘‘F. Ent. 1930. 
Ex unknown seeds.’’ Type in British Museum collection, 
paratype in author's collection. 


OUR ENEMY, THE TERMITE, by Tuomas E. Snyper. Pages 1-xii and 1-196, 
10 pls., 56 text figs. 1936. Published by The Comstock Publishing Co., 
Ithaca, New York. Price, $3.00. 

In recent years students of the termite problem have had two works which as 
they appeared in print were the authoritative treatises on the subject. The 
earlier of the two was the volume ‘‘Les Termites,’’ by Hegh, 1922, which gave 
us our first comprehensive view of the biology of termites. At that time Hegh 
planned a companion volume which would discuss the economic aspects of the 
problem. Apparently this was never published. The second was the report of 
the ‘‘Termite Investigations Committee’’ of San Francisco, published in 1934, 
under the title, ‘‘Termites and Termite Control,’’ which represented intensive 
research by a large group of specialists, which work centered in San Francisco 
and the University of California. This report covered both the biology and the 
economic problems and resulted from a research fund of $54,000. In the present 
volume we have a third authoritative work which is by Doctor Snyder, who is 
the U. S. Department of Agriculture’s authority on termites. It was he who 
finally worked out the baffling life history of our common Reticulitermes flavipes 
Kol. and who during the past twenty years, through research in the Washington 
laboratories, and in the American tropics, has contributed as much or more than 
any other single individual to a knowledge of effective control measures. Thus 
in this concise volume we have the essence of the termite problem brought down 
to date. 

The first six chapters are on the general biology and habits of these insects 
which live in such highly organized societies. The remaining four chapters give 
us the latest methods of control. In an appendix of twenty-five pages are such 
items as ‘‘Specifications for Remedying Termite Damage;"’ ‘‘Provisions for City 
Building Codes for Insuring Protection against Termites;'’ ‘‘List of Termites of 
the United States,’’ etc. The final part, a ‘‘Glossary of Technical Terms,’’ will 
be of interest to entomologists in general. 

The text is, of course, technically correct but written in an easy style, one 
of as popular a type as can be used for sucha problem. It is sufficiently illustrated, 
is on heavy tough paper and has a solid linen binding for hard usage by those who 
worry lest the dining-room floor cave in some morning at breakfast. Besides its 
use to the profession it is a book that should be in every public and high-school 
library. For some years to come it will be the military handbook for the human 
army of fighters against ‘‘Our Enemy, the Termite.’’—C. H. K 





A BIOLOGICAL PHENOMENON AFFECTING THE 
ESTABLISHMENT OF APHELINIDAE 
AS PARASITES! 


S. E. FLANDERs, 
University of California Citrus Experiment Station, 
Riverside, California 


Among the outstanding successes in biological control are 
the introduction of Coccophagus gurneyi from Australia to 
California; the introduction of Eretmocerus serius from Malaya 
to tropical America; and the introduction of A phelinus mali 
from the United States into New Zealand and Australia. 
These species belong to an important family of hymenopterous 
parasites, the Aphelinidae. Attempts to use certain other 
species of this family for biological control have been unsuccess- 
ful because reproduction did not occur either in the insectaries 
or after liberation in the field. 

Most of the species of aphelinids are parasitic on plant lice, 
mealybugs, and scale insects. The life histories of only a few 
species have been studied. These studies show that in certain 
species of Coccophagus, Prospaltella, Physcus, and A phelinus 
the females greatly outnumber the males, and a marked varia- 
tion occurs in the duration of the life cycle from egg to adult 
under constant temperatures. In a few species the unmated 
females are definitely attracted to the males. 

Certain investigators have recorded additional phenomena 
associated with the species which they studied. 

In 1913, P. H. Timberlake found that Coccophagus lycimnia 
occasionally developed as a hyperparasite and that such offspring 
were invariably males. These males, however, did not appear 
to be essential for the reproduction of the species, since when 
Oviposition occurred in unparasitized hosts only female offspring 
were produced. It seemed evident that this species was regu- 
larly thelyotokous, producing only females generation after 
generation. Another noteworthy phenomenon was the radical 
change in larval habit of the species when it became hyper- 
parasitic. As a primary parasite it was endoparasitic in Coccus 
hesperidum, but when hyperparasitic it was ectoparasitic on a 
primary inhabitant of the coccid. Timberlake noted that the 
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male eggs were always placed upon either the full-grown larva 
or pupa of a primary parasite. 

Likewise, Taylor, in a study of the parasites of Aspidiotus 
destructor, found that the aphelinids, Physcus varicornis and 
Casca parvipennis, when feeding on a primary parasite developed 
into males. In fact, P. varicornis appeared to attack deliber- 
ately scales containing larvae and pupae of its own kind. The 
occurrence of the males was thought to be due to the limitation 
of the food supply or to the feeding upon their own species. 
-arthenogenesis was considered to be abnormal in P. varicornis. 
Taylor noted that the male larva of this species was endo- 
parasitic during the greater part of its development, but com- 
pleted its feeding period as an ectoparasite. 

Male adults of the genus Prospaltella, normally parasitic 
on diaspine scales, were reared by the writer in 1924 and by 
E. G. Davis in 1933 from the eggs of several species of moths. 
Three per cent of one thousand codling-moth eggs collected at 
Saticoy, California, yielded this parasite. Possibly it is 
parasitic on the larvae of Trichogramma embryophagum. If 
this is true then field observations made at Saticoy, in 1934, 
show that over seventy per cent of the codling-moth eggs para- 
sitized by Trichogramma were hyperparasitized by Prospaltella. 

In 1934, S. M. Cendafia, while studying the biology of the 
genus Coccophagus, noted that the eggs of unmated females of 
C. gurneyi and C. trifasciatus did not hatch, although the 
embryo developed and remained alive in the body fluids of the 
host for periods as long as eighty-five days. This phenomenon 
of ‘‘inhibited hatching’’ he believed to be an abnormal 
condition. 

After working out the life histories of several species of the 
genus Coccophagus the writer realized the significance of these 
habits and peculiarities of the Aphelinidae. These apparently 
unrelated facts are now known to be associated with a remark- 
able reproductive phenomenon characterized by a differential 
development of the sexes. 

As in many Hymenoptera the progeny of unmated females 
are always males. In the case of each species of Coccophagus 
investigated, the male sex was produced only hyperparasitically 
on individuals of its own or similar parasitic species. Mated 
females produced only females, and these developed only as 
primary parasites of lecaniine scales and of mealybugs. Thus 
we have species in which the males develop only as parasites 
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of a hymenopterous larva and the females only as parasites 
of a homopterous nymph or adult. This marked differentiation 
in the host relations of the male and female larvae is apparently 
unique. In most, if not all, of the genera of Aphelinidae, it 
seems likely that in many species the progeny of unmated 
females will be found to be obligatory hyperparasites and the 
progeny of mated females obligatory primary parasites. In 
some species, however, the male larvae may be primary ecto- 
parasites of the male pupae of the coccid host. 

Reproduction in a pure culture of an aphelinid species is, 
in a number of cases, dependent on the destruction of some of 
the female larvae by the male larvae. The method by which 
this is accomplished varies in different species. 

In certain species, such as Coccophagus scutellaris, C. capensis, 
and C. lycimnia, the stimulus of fertilization is followed by a 
marked change in the oviposition behavior of the female. 
C. scutellaris, when mated, oviposits normally in the body 
cavity of lecaniine scales. Before mating it normally is attracted 
only to previously parasitized hosts and usually deposits its 
eggs only in the body cavity of the first or second instars of the 
primary parasite. In this case both sexes are endoparasitic. 

Coccophagus capensis is likewise endoparasitic. The male 
eggs, however, are usually deposited in the pupa of the primary 
parasite. The first-instar larva is unique in having the abdom- 
inal segments covered with long hairs. 

Coccophagus lycimnia, when mated, also oviposits in the body 
cavity of lecaniine scales, but when unmated it normally 
Oviposits in parasitized scales, the body contents of which 
have been consumed by the primary inhabitant. Unmated 
females deposit stalked male eggs on the surface of the primary 
parasite, which is then in the last larval instar. Only the 
females are endoparasitic. The males develop ectoparasitically, 
and the early larval instars differ from the female in the 
structure of the respiratory system and in other morphological 
characteristics. 

In other species, as in Coccophagus gurneyi and C. trifasciatus, 
fertilization is not followed by any change in the oviposition 
behavior of the females. Both male and female eggs are 
deposited in the body cavity of the homopterous host. If the 
male egg of C. gurneyi is deposited first, the embryo completes 
its development, but hatching is inhibited so long as it is exposed 
to the body fluids of the host. This male egg does hatch, 
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however, if subsequently the body contents of the host are 
consumed by another parasitic larva and the body fluid of 
the homopterous host has been replaced by air. The male 
larva, so produced, is a heavily chitinized planidium with 
ambulatory spines. When it emerges from the egg, the larva 
locates the primary inhabitant, penetrates the body wall, and 
develops endoparasitically until nearly full-grown, then bores 
its way out and completes its development as an ectoparasite. 
The male larva of C. trifasciatus is ectoparasitic in all instars. 
Therefore it rarely, if ever, parasitizes its own species, since the 
female usually does not entirely consume the body fluids of the 
host. The hatching of the male egg is inhibited by the body 
fluids, so apparently it is impossible to rear C. trifasciatus in a 
pure culture. However, the presence of a parasite having the 
habit of C. lycimnia provides conditions suitable for the hatching 
and larval development of the male C. trifasciatus. 

The immature stages of the female in all the species having 
this differential development are endoparasitic. The immature 
stages of the male of such species may be entirely endoparasitic, 
entirely ectoparasitic, or endoparasitic in one instar and ecto- 
parasitic in the following instar. Apparently this phenomenon 
does not characterize species such as Coccophagus ochraceus in 
which the female as well as the male is ectoparasitic. This 
hyperparasitic development of the male sex may be a common 
phenomenon in the parasitic Hymenoptera. Observations by 
Williams on the eulophid 7Jetrastichus sp., a parasite of the eggs 
of Malacosoma americana, indicate that the males develop 
ectoparasitically in a manner similar to Coccophagus lycimnia. 

In pure cultures of any species in which fertilization affects 
the oviposition habits of the females, uneven broods are essential 
for continuous reproduction. 

Field liberations should consist of mated and unmated 
females in order to facilitate establishment of the species. 
The liberation of a species having the habits of Coccophagus 
lycimnia or C. capensis should be followed by a second liberation 
when the progeny of the first liberation are susceptible to para- 
sitism by the unmated females. 


SUMMARY 


In a number of species of the family Aphelinidae the imma 
ture progeny of unmated females are normally parasitic on the 


immature progeny of mated females. In attempting to estab- 


~ 
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lish certain of these species, this fact must be taken into 
consideration. 
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THE USE OF SULPHUR IN THE CONTROL OF TRUCK CROP AND CANE 
FRUIT INSECTS AND DISEASES, compiled by ALFRED FENTON. 
86 pages 1936. An advertising publication ‘‘Distributed by Agricultural 
Department, Texas Gulf Sulphur Company, 1104 Second National Bank 
Building, Houston, Texas."’ Free on request. 

We notice this advertising booklet because it is an item useful to men in the 
field of applied entomology and because it is frankly compiled by a well known 
economic entomologist, and carries no direct advertising. We have refused 
notices of even more elaborate treatises because the actual author was a ‘‘ghost 
er’’ without credit in the publication 
The booklet is what its title indicates and is painstakingly organized to host 
plants, insect pests, and plant diseases. It is thoroughly indexed to host plant, 
and to both the scientific and common names of insect pests and plant diseases 
[t is well documented with references out to the bibliography and by parenthetical 
references to the less frequently referred-to publications. Pages 65-73 are an 
appendix by M. D. Leonard and Alfred Weed on ‘‘Pyrethrum and Rotenone- 


Bearing Dusts with Sulphur 


With the unprecedented development of research staffs by the big insecticide 
companies we will probably see much more of this type of literature. It can be 
very useful in its way, if it is published in the present inoffensive manner. How- 
ever, it can usually be convicted of the scientific misdemeanor of omission of all 
references to more successful methods and better products 

Probably we will have to decline notices for such literature in the future, 
notwithstanding its usefulness, as quotations from notices might be so abstracted 
and compiled as to imply recommendation of the product by this journal. 

We wish to su st to the research entomologists in the field of insecticides 
that they can and should control the quality of this coming scientific (?) literature. 
The compilation of such treatises will have to be in their hands as only they have 
the technical knowledge necessary to their production. They will have to keep 
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heir hands clean by refusing the tempting fees for ‘‘ghost writing’’ and will have 


to be strong in spirit in order to keep commercial scientific writing on a sound 


factual basi Probably the fault of omission of the mention of better methods 
cannot be avoided. Such is the weakness of the present economic system! In 
noments of depression we sometimes wonder if we are supporting the capitalistic 

stem and rugged individualism merely because our ancestors were Republicans 


C.8. 5 





SOME NEW SPECIES OF STONEFLIES FROM 
OREGON (PLECOPTERA) 


T. H. Frison, 
Illinois State Natural History Survey, 
Urbana, Illinois 


The following new species of stoneflies were discovered 
while studying a large series of specimens, both adults and 


~ 


nymphs, collected in Oregon and sent to me by Mr. R. E. 
Dimick, of the Oregon State Agricultural College, Corvallis, 
Oregon. 

All holotypes and allotypes are deposited in the collection 
of the Illinois State Natural History Survey, Urbana, Illinois. 
-aratypes are deposited both in the collection of the institution 
just mentioned and in the collection of the Oregon State Agri- 
cultural College, Corvallis, Oregon. 

I am greatly indebted to Dr. Carl Mohr, Associate 
Entomologist, Illinois State Natural History Survey, for the 
drawings. 

Nemoura dimicki new species 

Male.—Body and appendages essentially brown, with paler inter- 
segmental areas and spots on body; particularly conspicuous 1s the light 
area extending between compound eyes behind ocelli. Length to tip 
of wings, 8 mm. 

Head much wider than pronotum, the pronotum about as long as 
broad and with angles well rounded. Lateral ocelli closer to compound 
eyes than to one another. Wings hyaline, with veins dark brown and 
conspicuously contrasting except for light costal margin, subcosta 
ending near cord. Ventral cervical region without gill remnants. 

Cerci (Pl. I, Figs. 8 and 9) very elongate, inwardly curved and 
pointed at tip; supra-anal process (PI. I, Fig. 11) small, narrow, sickle- 
shaped when seen from side and resting upon a mostly membranous 
lobe; subgenital plate (Pl. I, Fig. 10) with a linear lobe at base, con- 
stricted near middle, and broadly enlarged again at end; tenth tergite 
in middle (PI. I, Fig. 8) with two backward directed projections; ninth 
abdominal tergite without knobs; subanal lobes bladelike and projecting 
backward to a point. 

Female.—Similar in most morphological features to the male. 
Seventh abdominal sternite weakly sclerotized and light colored; eighth 
abdominal sternite (Pl. II, Fig. 17) with a well-developed subgenital 
plate which partly overlaps the ninth sternite, with a small backward 
directed lobe in middle and with tip of subgenital plate deeply cleft. 
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Holotype—Male; branch of Dixon creek, Corvallis, Oregon, 
emerged from nymph on February 28, 1935 (R. W. Prentiss). 
Allotype-—Female; same data as for holotype. Paratypes.—1 ¢, 
same data as holotype; 71 &o, 34 @ 9, drainage stream, 
Corvallis, Oregon, March 16, 1934 (E. E. Ball coll.); 1 2, 
branch of Dixon creek, Corvallis, Oregon, emerged February 27, 
19385 (R. W. Prentiss); 5 @o@, 1 92, Dixon creek, Corvallis, 
Oregon, April, 1933 (A. W. Larson coll.); 1 o, Oak creek, 
Corvallis, Oregon, February 22, 1935 (R. W. Prentiss coll.); 
1 #, 2 2 9, Corvallis, Oregon, April 3, 1933 (A. W. Larson); 
1 o, roadside ditch, Corvallis, Oregon, April 6, 1933 (R. W. 
Prentiss); 1 o, Brooklane creek, Corvallis, Oregon, February 
28, 1935 (R. W. Prentiss); 5 &@o&%, 1 2, Brooklane stream, 
Corvallis, Oregon, emerged February 20, 1935 (R. W. Prentiss) ; 
1 o&, Brooklane stream, Corvallis, Oregon, emerged February 
23, 1935 (R. W. Prentiss); 1 o&, Corvallis, Oregon, February 22, 
1935 (R. W. Prentiss); 192, branch of Dixon creek, Corvallis, 
Oregon, emerged February 27, 1935 (R. W. Prentiss); 1 9°, 
Brooklane stream, Corvallis, Oregon, emerged February 23, 
1935 (R. W. Prentiss); 5 92 9, Brooklane stream, Corvallis, 
Oregon, February 20, 1935 (R. W. Prentiss); 1 9, branch of 
Dixon creek, Corvallis, Oregon, emerged February 26, 1935 
(R. W. Prentiss); 1 mating pair, branch of Dixon creek, Cor- 
vallis, Oregon, emerged February 25, 1935, mated February 27, 
1935 (R. W. Prentiss); 1 mating pair, branch of Dixon creek, 
Corvallis, Oregon, emerged February 28, 1935, mated February 
28, 1935 (R. W. Prentiss); 3 2 9, Woodburn, Oregon, January 
31, 1935 (Roaf). 

Nymphs. —7 # #%,18 2 2, branch of Dixon creek, Corvallis, 
Oregon, February 14, 1935 (R. W. Prentiss); 3 @, 11 2 9, 
Brooklane creek, Corvallis, Oregon, February 20, 1935 (R. W. 
Prentiss); 9 o&o@. roadside ditch, Corvallis, Oregon, April 6, 
1933 (R. W. Prentiss). 

The nymph agrees in general habitus with those of other described 
Nemoura (Claassen, 1931; Frison, 1935), the genus as a whole having 
a homogeneous appearance. It differs from some species of Vemoura 
from Oregon, however, by the entire absence of gills of any type, uniform 
dark coloring of abdominal tergites and rather uniform distribution of 
stout spinelike setae on hind femora. In fully developed nymphs the 
characteristic shape of the female and male subgenital plates are clearly 
evident. 

The long modified cerci of the male suggest such eastern North 
American species of Nemoura as prolongata Claassen, truncata Claassen, 
and serrata Claassen. The shape of the supra-anal process and sub- 
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genital plate of the male is, however, sufficient to separate readily these 
related species. The small lobe on the eighth abdominal sternite of 
the female is suggestive of .V. californica Claassen, but according to 
the describer this latter species has cervical gills. 

The association of male and female is based among other indications 
upon a mating pair. The association of nymph with adult is based 
upon rearings. 

I take pleasure in naming this species for Mr. R. E. Dimick, of the 
Oregon State Agricultural College, Corvallis, Oregon, because of his 
interest in the aquatic fauna of Oregon and for sending to me the 
material on which this paper is based. 


Nemoura obscura new species 


Male.—Body and appendages essentially brown, with paler inter- 
ripe in middle 


segmental areas and a tendency for a light longitudinal st 


of abdominal tergites. Length to tip of wings, 7 mm. 





Head much wider than pronotum, the pronotum with angles rounded 
nd but slightly broader than long. Wings (Fig. 1) hyaline, veins 
brown with borders of some veins, particularly those comprising the 
cord, margined with fuscous. Ventral cervical region without gill 
remnants . 

Cerci (Pl. II, Fig. 15) but slightly modified; supra-anal process 
(Pl. I, Figs. 12, 13 and 14) complicated, its lower portion (a) long, 
narrow and slightly bulbous at tip, its upper basal portion (b) seen 


from above consisting of two prongs curved at tips between which 
is membrane and beneath which are two other prongs which curve 

1 tips; subanal lobes not modified; subgenital plate (PI. I, 
Fig. 15) with a linear lobe at base and tapering off to a point at tip; 


ninth abdominal tergite without knobs. 


WD, 





Female.—S ir in most morphological features to the mi 
Eighth abdominal sternite (Pl. II, Fig. 1S) with a small subgenital 
) Si1¢ t] row 1 7 po teriorh 1 1 cle ft 

Tlolotype Male: Brooklane creek, Corvallis, Uregon, Feb- 


ruary 20, 1935 (R. W. Prentiss Alloty pe Female; san 
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data as for holotype. Paratypes.—13 fo, 26 2 2, same data 
as for holotype; 1 o, Brooklane, small creek, Corvallis, Oregon, 


February 13, emerged February 20, 1935 (R. W. Prentiss); 
1 o&, 1 9, Brooklane stream, Corvallis, Oregon, emerged 
February 13, 1935 (R. W. Prentiss); 1, Brooklane stream, 
Corvallis, Oregon, emerged February 23, 1935 (R. W. Prentiss) ; 
1 o&, 1 2, Corvallis, Oregon, February 22, 1935 (R. W. 


Prentiss); 1 o&, Brooklane, Corvallis, Oregon, emerged February 
25, 1935 (R. W. Prentiss); 1 o&, 1 9, Brooklane creek, Corvallis, 
Oregon, February 13, 1935, emerged February 14, 1935 (R. W. 
Prentiss); 3. 9 2, Brooklane, Corvallis, Oregon, February 23, 
1934 (Dimick and Prentiss); 1 9, Brooklane stream, Corvallis, 


Oregon, February 28, 1935 (R. W. Prentiss); 1 2, Brooklane 
creek, Corvallis, Oregon, emerged February 27, 1935 (R. W. 
Prentiss); 1 @, Corvallis, Oregon, April 11, 1930 (R. W. 
Prentiss);3 2 2, Corvallis, Oregon, drainage stream, March 16, 
1954 (E. E. Ball); 1 2, So. Ranch, Montrose, Oregon, March 22, 
1933 (N. P. Larson); 4 &@ o%, 14 2 2, Corvallis, Oregon, March 


15, 1935 (J. Schuh). 

Nymphs.—1¢, branch of Dixon creek, Corvallis, Oregon, 
February 14, 1935 (R. W. Prentiss); 1 spec. Brooklane creek, 
Corvallis, Oregon, February 13, 1935 (R. W. Prentiss); 8 spec. 
Brooklane creek, Corvallis, Oregon, February 20, 1934 (R. W. 
Prentiss 

The nymph agrees in general habitus with those of other described 
Vemoura (Claassen, 1931; Frison, 1935), the genus as a whole having 
a homogeneous appearance. It differs from some species of Vemoura 
from Oregon by the entire absence of gills of any type, a tendency for a 
light longitudinal stripe on the abdominal tergites, and hind femora 
which are finely hairy rather than spiny as in dimicki. 

The double and complicated structure of the supra-anal process is 
sufficient to distinguish the male of this new species from all other 
described species. 

The association of male and female is based upon similar wing 
patterns, lack of cervical gills, and occurrence together. The nympl 
is associated with adult upon the basis of rearings as well as upon 
har 


characters common to both. 


Nemoura perplexa new species 


Male.—Head and thorax brown: legs, abdomen and intersegmenta! 
areas yellowish brown. Length to tip of wings, 6-7 mm. 

He: 1 mich wider tl nN . ot mM } . ° . sourhat he Lor 

lead much wider than pronotum, the pronotum somewhat broad: 
than long and with angles rounded. Wings uniformly light brown wit! 
ein O dly cont VY 1 not bordered with fuscous; costa 


margin at base light; subcost nding near cord. Ventral cervi 
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region with gill remnants, a tuft (possibly two) or group of filaments 
on each side. 

Cerci membranous (PI. I, Fig. 2) in dorsal view with a small knob 
on inner margin; supra-anal process (PI. I, Fig. 3) recurved forward, 
narrow and elongate; subgenital plate (PI. I, Fig. 4) with a linear, long 
lobe at base and tapering to a point at apex; subanal lobes (PI. I, Fig. 4) 
with a linear fingerlike projection at apex; ninth abdominal tergite not 
modified and without knobs. 

Female.——Similar in most morphological features to the male. 
Eighth abdominal sternite (PI. II, Fig. 16) but slightly protruding over 
ninth and with a shallow cleft in middle of posterior margin. 


Holotype-—Male; Swim, Oregon, summit of ranger station, 
Mt. Hood National Forest, June 21, 1933 (M. Conova coll.) 
Allotype.—Female; same data as holotype. Paratypes.—8 3% 0, 
6 2 9, same data as holotype. 

The membranous lobe at base of inner margin of each cercus is 
suggestive of the western North American species .V. coloradensis 
Banks, but the subanal lobes are very different. 

The association of male and female is based upon morphological 
similarities in common (small size, color of wings, cervical gills, etc.) as 
well as capture at same time and place. 


Nemoura lobata new species 


Male.—Thorax mostly dark brown above, head and abdomen a 
lighter brown than thorax, legs mostly yellowish. Length to tip of 
wings, 19 mm. 

Head much wider than pronotum, the pronotum as long as broad. 
Wings with membrane hyaline, veins dark and contrasting, a few veins 
in region of cord margined with fuscous; costal margin at base pale. 
Ventral cervical region with gill remnants, a tuft (possibly two) or group 
of filaments on each side. 

Cerci (Pl. I, Fig. 5) membranous, with a more sclerotized lobe at 
base on inner margin having a pointed tip directed backwards; supra- 
anal process (Pl. I, Fig. 5) recurved forward, narrow; subgenital plate 
(Pl. I, Figs. 6 and 7) with a linear lobe at base and tapering to a point 
at apex; subanal lobes (Pl. I, Fig. 7) with a short conelike projection on 
inner margin near base and with a blunt pronglike projection extending 
backwards and upwards. Ninth abdominal tergite not modified from 
normal segment form. 

Female.—Not known. 


Holotype.—Male; Corvallis, Oregon, Peavy Arbor, November 
27, 1934 (R. Dimick). Paratypes.—Corvallis, Oregon, Oak 
creek, May 8, 1934 (E. E. Ball); 1 @, Corvallis, Oregon, Dixon 
creek, January 19, 1935 (R. W. Prentiss). 

This species, based upon the cercus, is very suggestive of V. 


californica Claassen, but differs in having subanal lobes which are not 
toothed and anal field of hind wings are not particularly narrow. 





: 
: 
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Hydroperla parallela new species 


Male.—Length to apex of wings, 19 mm.; length to apex of abdomen, 
14 mm. General dorsal color black or dark brown. Yellowish dorsal 
areas as follows: a w-shaped area on frons with ends reaching to anterior 
margin of head, a spot on back of head extending forward to a point 
between lateral ocelli, small areas behind compound eyes, a longitudinal 
stripe about width of area between lateral ocelli extending length of 
pronotum, and portions of apical abdominal segments. General 
ventral color dark brown, particularly abdominal sternites. Cerci 
light at base and darker towards tip. 

Head through compound eyes slightly broader than prothorax; 
lateral ocelli about as far from compound eyes as distant from one 
another, median ocellus almost obsolete. Submentum with remnants 
of the finger-like nymphal gills at outer posterior angle. Pronotum 
approximately quadrangular, much broader than long; pronotal flange 
well developed on anterior margin but weakly so on sides and on 
posterior margin; a series of raised rugosities on surface each side of 
median yellow stripe. 

Legs dominantly brown. Wings with membrane hyaline and veins 
dark and contrasting, basal costal margin yellowish; a few cross-veins 
at tip of front wing connecting radial veins. 

Abdomen with dorsal segments one to nine without special structures; 
tenth tergite cleft (Pl. II, Fig. 23) with paragenital plates, supra-anal 
process and dorsal lobes or genital hooks as in Plate II, Figures 19, 20, 
21, 22 and 23. 


Holotype. — Male, Corvallis, Oregon, Willamette river, 
March 18, 1934 (A. W. Larson). 


The species of Hydroperla of the western states are poorly known 
because of scarcity of specimens in collections and past assignments to 
such heterogeneous groups as Perla in its old sense. The shape of the 
supra-anal process and dorsal lobe of tenth abdominal tergite are 
sufficient to separate this new species from H. varians (Walsh), H. 
crosbyi (N. & C.) or H. harti Frison. 


Perlomyia solitaria new species 


Male.—Body and appendages dark brown. Length to tip of wings, 
11 mm.; length of body, 8 mm. Wings with membrane uniformly 
infuscated and with veins darker; venation typical for genus in that 
radial sector and media of forewing arise from approximately the 
same place. 

Head much wider than pronotum, pronotum much longer than 
broad and with a slightly depressed medial longitudinal area or stripe. 
Lateral ocelli about three times as far from one another as from inner 
margin of compound eyes; median ocellus far forward but less so than 
distance between lateral ocelli. Maxillary palpi very large. Legs 
with first tarsal segment of fore and middle legs about as long as third 
but in hind legs much shorter, second tarsal segment very short in all 
legs. No gill remnants evident. 
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First nine abdominal segments unmodified and essentially similar. 
Tenth segment modified, with cerci (P]. I], Figs. 25 and 27) with a small 
projection at base and tapering to a short point; sides of tenth tergite 
(Pl. II, Figs. 25 and 27) with a small protuberance before posterior 
margin; ninth sternite with a small lobe at base (PI. II, Fig. 26); supra- 
anal process (Pl. II, Figs. 24 and 25) curved upwards and slightly 
forwards, narrow or bladelike, with apical part larger than basal part; 
subanal lobes partly membranous and with a small protuberance near 
base (Pl. II, Fig. 26); subgenital plate reaching far beyond cerci and 
apical half turned upwards (PI. II, Fig. 25). 


IIolotype.-—Male; Philomath, Oregon. Rock creek. March 
19, 1933 (R. E. Dimick). Paratypes.—2 @o, same data as 
for holotype. 


This new species differs from the only other described male of 
Perlomyia, the species utahensis Needham and Claassen, by such 
characters as the shorter cerci and a difference in the shape of the 
supra-anal process. 

Specimens of Perlomyia are so rare in collections that associations 
of females with males can not be made at present with safety. Perlomyia 
collaris Banks (1906) from British Columbia is known only from the 
single female type and if ever shown to be the true female of utahensis 
(1925) or the new species solitaria described in this paper, the name of 
collaris would, of course, have priority. 


Perlomyia sobrina new species 

Female.—Head, thorax, legs and wings similar to male of Perlomyia 
solitaria as described in this paper. 

Abdomen differs as follows: ventral sternites one to eight dark and 
heavily sclerotized; the eighth modified, mostly membranous and 
sometimes largely concealed by seventh and ninth sternites (PI. II, 
Fig. 28); ninth sternite heavily sclerotized; abdominal tergites one 
through eighth membranous except for a narrow longitudinal sclerotized 
stripe along median line, ninth and tenth tergites uniformly and darkly 
sclerotized as are most sternites. 


Holotype.-—Female, Corvallis, Oregon, Oak creek, March 31, 
1934 (E. E. Ball). Paratypes.—2 92 9, same data as holotype. 


Dates of collection and localities suggest that Perlomyia sobrina 
is the female of Perlomyia solitaria, in which case the latter name should 
have priority. As stated under Perlomyia solitaria, specimens of this 
genus are so rare in collections that at present it is not safe to associate 
males and females unless evidence of association is very conclusive. 

Perlomyia collaris Banks is based upon a single female from British 
Columbia. Until the type is relaxed and the sternites carefully studied 
it is not advisable to associate females from other localities with this 
specific name. P. collaris may be the same as sobrina here described, 
the female of either solitaria or utahensis now recognized on the basis 
of males alone, or an entirely different species. 
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EXPLANATION OF PLATES 


PLATE I 


Views of adult male terminal abdominal segm« 





Nemoura perplexa new species. Dorsal view. 

Nemoura perplexa new species. Lateral view. 

Nemoura perplexa new species. Ventral view. 

Nemoura lobata new species. Dorsal view. 

Nemoura lobata new species. Lateral view. 

Nemoura lobata new species. Ventral view. 

Nemoura dimicki new species. Dorsal view. 

Nemoura dimicki new species. Lateral view. 

Nemoura dimicki new species. Ventral view. 

Nemoura dimicki new species. Lateral view of apical segments with 

‘ercus removed showing shape of supra-anal process and subanal lobe. 

*moura obscura new species. Dorsal view of supra-anal process when 
detached from apical segment and upper portion lifted back. 

Nemoura obscura new species. Lateral view of supra-anal process when 
detached from apical segment and upper portion lifted back. 

Nemoura obscura new species. Dorsal view showing upper (b) and 
lower (a) parts of supra-anal process in normal position. 


N 


PLATE II 


Nemoura obscura new species, male. Ventral view, terminal abdominal 
segments. 

Nemoura perplexa new species. female. Ventral view showing char- 
acteristics of eighth abdominal sternite. 

Nemoura dimicki new species, female. Ventral view showing char- 
acteristics of eighth abdominal sternite. 

Nemoura obscura new species, female. Ventral view showing char- 
acteristics of eighth abdominal sternite. 

Hydroperla parallela new species, male. Dorsal view of supra-anal 
process. 

Hydroperla parallela new species, male. Lateral view of supra-anal 
process. 

Hydroperla parallela new species, male. Ventral view of supra-anal 
process. 

Hydroperla parallela new species, male. Dorsal lobe of cleft tenth 
tergite. 

Hydroperla parallela new species, male. Dorsal view of terminal 
abdominal segments. 

Perlomyia solitaria new species, male. Lateral view of supra-anal 
process and lobe immediately beneath. 

Perlomyia solitaria new species, male. Lateral view of terminal abdomi- 
nal segments. 

Perlomyia solitaria new species, male. Ventral view of terminal abdomi- 
nal segments with subgenital plate broken off to show subanal lobes. 

Perlomyia solitaria new species, male. Dorsal view of terminal abdomi- 
nal segments 

Perlomyia sobrina new species, female. Ventral abdominal segments 
showing characters of eighth sternite. 
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THE LARVA AND ADULT OF CULEX ROOTI ROZEBOOM 


L. E. Rozen OM, 
Medical Entomologist, 
Gorgas Memorial Laborator 


Panama, Rep. de Panama 


Several months ago the writer described a new mosquito, 
Culex rooti, on the structure of the male terminalia (Rozeboom. 
1935). On November 6, 1935, a number of larvae of Culex 
pilosus D. & K. were found. From the structure of the male 
terminalia, it was suspected that the larvae of C. rooli and 
C. pilosus would resemble one another very closely, and so 
the larvae collected on the above date were bred out separately. 





Fic. 1. Culex rooti, head showing antennae 


Two of the adults obtained proved to be males of C. roott. 
A description of the larvae from which these males were bred 
is as follows: 


Head broader than long, bulging laterally. Antennae long, spinu- I 
late, with a multiple-haired tuft on outer third, and with two long 
subapical and two short apical spines; one of the apical spines about 
one-half the length of the other. Anteantennal tuft five-haired. 
Lower head-hairs long and single, upper head-hairs triple and very 
small. Preantennal hairs (Macgregor, 1927) double and small. In- 
tegument very finely spiculate. Air tube slightly more than three 
times as long as wide, tapering, and curving forwards. Two stout 
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ooks at tip. Six or seven finely-fringed pecten-spines on basal third, 
hich are small basally and become longer apically. Eight pairs of 
long, three to five-haired posterior tufts, long basally and shorter 
apically. Two small double-haired tufts laterally. Comb of eighth 
segment composed of six to eight large, pointed spines in a curved row; 
spines smaller towards the siphon, larger towards the anal segment. 
Anal segment longer than wide, ringed by the plate. Dorsal brush of 
two long hairs on each side, ventral brush of about ten long tufts. 
A small three-haired tuft very near the dorsal brush. Anal gills long. 


t 
1 
I 





Fic. 2. Culex rooti, caudal end of abdomen 


The characteristics of the larva resemble those of C. pilosus 
in every important respect except that of the upper head- 
hairs, which in C. rooti are triple and very small, being difficult 
to see, while in C. pilosus they are either double or single, and 
as large as the lower head-hairs. 

The adult male is without colorational characters to dis- 
tinguish it from C. pilosus. No females of C. rooti were obtained. 

The slides of the male terminalia, of the larval and pupal 
skins, and the adult males will be deposited in the U.S. National 
Museum. 

REFERENCES 
Macgregor, Malcolm E. 1927, Mosquito Surveys. Bailliere, Tindal & Cox, 
7 & 8, Henrietta Street, Covent Garden, London. 


Rozeboom, L. E. 1935, Culex rooti, a new Culex from Panama. Ann. Ent. Soc. 
America, 28 (2) : 251-253. 








PROTHETELY IN LARVAE OF THE CONFUSED FLOUR 
BEETLE (TRIBOLIUM CONFUSUM JACQ.-DUV.)! ? 


M. J. OOSTHUIZEN, 
School of Agriculture, Potchefstroom, Union of South Africa 
AND 


H. H. SHEPARD, 
University of Minnesota, St. Paul, Minnesota 


As early as 1838, entomological monstrosities were divided 
by Lacordaire into six classes. In one of these, the individuals 
of which were called ‘‘monstres par arrét de développement,” 
were placed those insects showing the presence of larval organs 
in the pupa or adult. Kolbe (1903) applied the term ‘‘prothe- 
telie’’ (meaning literally ‘‘to run before completion’’) to this 
phenomenon in Dendrolimus pint Linn., i. e., larvae possessing 
pupalorgans. He suggested, however, that there is a precocious 
development of the antennae, wing pads, mouthparts and legs 
in such larvae. 

Strickland (1911) proposed the analogous term ‘‘meta- 
thetely’’ (meaning literally ‘‘to run behind completion”’) for 
the abnormally retarded condition of histoblasts produced by 
the presence of the parasitic nemathelminth, Mermis, in 
Simulium larvae. He found that ‘‘all parasitized larvae show 
this nearly complete suppression of the imaginal discs.’’ No 
pupal appendages were produced, and the metathetelous 
condition proved fatal in every instance. Strickland reviewed 
the literature on several cases of prothetely in which pupal 
appendages had been observed in larvae, stating, apparently 
because of Kolbe’s suggestion, that in these cases the ‘‘discs 
have developed with abnormal rapidity.” 

Since the proposal of the two terms, prothetely and metathetely, 
there has been some confusion in their use, the former having been used 
by at least thirteen authors for the presence of pupal organs in larvae, 
whereas the latter has been used by only four. Lengerken (1924), 
Chapman (1926), Dawson (1931) and Nagel (1934) use “‘metathetely,”’ 
but not in the sense that Strickland used it. As substantiated by the 
experimental results recorded in this paper, Singh-Pruthi (1924) has 
stated the case appropriately in the following words: ‘‘ Evidently there 

\Contribution from the Division of Entomology and Economic Zoolog 
University of Minnesota. 


*Published as Paper No. 1350 of the Scientific Journal Series of the Minnesota 
Agricultural Experiment Station. 
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have been two factors responsible for the appearance of the prothetelic 
characters: (i) the prolongation of the larval life by keeping the individ- 
uals at too high or at too low a temperature; (ii) and the direct effect 
of temperature. Thus under these circumstances, while the meta- 
morphosis of the larvae has been inhibited, there has been a tendency 
for the appearance of the pupal organs at the proper time, when their 
fellows are pupae or even beetles. Therefore the appearance of the 
organs is evidently not premature, as was believed to be by previous 
investigators.” The term ‘“‘metathetely,” suggested by Strickland, 
should be applied to cases in which development in the limbs is slower 
than in the rest of the body. 
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EXPOSURE (Hours) 


Fic. 1. The numbers of prothetelous larvae of Tribolium confusum produced 
by exposing mature larvae at 44°C., 200 individuals at each exposure. 


During the course of experiments on the effects of high temperature 
on the various stages of Tribolium confusum Jacq.-Duv., described else- 
where by the senior author (Oosthuizen, 1936), it was found that certain 
exposures of the larvae resulted in abnormal individuals. These had 
the appearance of larvae, but with a varying number of their legs 
antennae, etc., similar in form to those of the pupa. Out of 400 larvae, 
one to six hours old, left in whole wheat flour at 38° C. until pupation, 
only two prothetelous individuals were noted. The average percentage 
of successful pupation was 92.5. Larger numbers of prothetelous 
larvae were observed from the fifth to the eighth day after exposure of 
mature larvae to a temperature of 44° C. Duplicate series of 100 
individuals each were exposed at each of two relative humidities, 0 
and 75 per cent, for various periods in hourly intervals from 4 hours to 
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19 hours. After each exposure the larvae were returned to flour 
32°C. The influence of dry heat in producing prothetelous individuals 
at the shorter exposures to this temperature is rather strikingly shown 
in Figure 1. 


Exposures of mature larvae at 46° C. resulted in fewer cases o 
prothetely than at 44°. The experiments were conducted in the same 
way. Abnormal individuals appeared in from three to seventeen days ? 
after exposure. The totals for the various exposures at different 
humidities are given in Table I. No prothetelous larvae were obtain¢ 
at a relative humidity of 100 per cent. 

TABLE [. THE NUMBER OF PROTHETELOUS LARVAE OBTAINED AT VARIOUS 

EXPOSURES OF MATURE LARVAE AT 46° C. AND DIFFERENT HUMIDITIES; 
200 INDIVIDUALS AT Eacu Exposur! 
Rev. Hum. Ret. Hum Ret. Hum. 
0% 30 6; 75 
LENGTH Ot! 
EXPOSURE PP 
Number Total Number Total Number Total 
Prothetel.| Pupated |Prothetel.| Pupated |Prothetel.| Pupated 
30 mir 2 194 
40 min l 190 l 190 
50 min 3 144 
60 min 2 89 4 82 5 107 
70 min 3 30 | 3 36 
80 min l 13 2 17 , 
160 min l 0 l l 


It is well known that above a certain optimum temperature the rate 
of development of an insect is retarded by raising the temperature, 
whereas below that optimum it is accelerated. That high temperatures 
prolong larval life and probably inhibit metamorphosis, thus causing 
these abnormalities, has been suggested by Barber (1914) and Singh- 
Pruthi (1924). All the Tenebrio larvae that Arendsen Hein (1920) 
observed to have rudimentary wings, were those with abnormally long 
larval development. 

Low temperatures also retard development, prolonging larval life 
and causing abnormalities of the prothetelous type. In the course of 
experiments on the effect of low temperatures on the various stages of 
Tribolium confusum, Nagel (1934) obtained larvae bearing external 
wing rudiments. The variations from the normal were of the same 
type as those obtained in the present work with high temperature. 
Whereas at most of the low temperatures used, Nagel observed no b 
abnormal individuals, at —6° C. there were 52 prothetelous larvae 
obtained from a total of 950 larvae, or 5.5 per cent. As shown in 
Table I, 29 abnormal larvae were obtained from a total of 2,600, or 1.1 
per cent, at the corresponding “‘sub-vital’’ high temperature (+46° C.). 


Bataillon (1893) believed such abnormalities might be caused by 
any condition which changed the enzyme activity or the concentration 
of carbon dioxide. He assumed that the accumulation of carbon 
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dioxide is the controlling factor in bringing about metamorphosis. 
By means of the exclusion of air from developing Pieris brassicae, 
Dewitz (1902) was able to produce what he termed “larval pupae.”’ 
Two series of experiments were performed to test the influence of 
carbon dioxide on the production of prothetely in mature larvae of 
T. confusum. In the first series, larvae were placed in four groups of 
200 each in four one-quart jars containing about 100 grams of flour each. 
Carbon dioxide was introduced through glass tubes in the rubber 
stopper until the air was practically all displaced. The tubes were 
then sealed and the jars placed in a cabinet at 32° C. for different 
periods, i. e., 12, 24, 36 and 48 hours. The larvae were then trans- 
ferred in the same flour to pill boxes and left at 32°. Prothetelous 
individuals were removed when observed. The data are given in 


Table II. 


TABLE II. THE PROTHETELOUS LARVAE OBSERVED AT DIFFERENT EXPOSURES 
oF MATURE LARVAE TO CARBON DroxiDE; 200 INDIVIDUALS WERE 
Usep ror Eacu Exposurt 


SERIES | SERLES 2 
LENGTH OI 
EXPOSURE 
Number Total Number Total 
Prothetel. Pupated Prothetel. Pupated 
12 hit 0 188 4 183 
16 hrs 4 182 
24 hrs 16 122 6 | 183 
36 hrs 14 91 
48 hrs ; 0 0 


In the second series the experiments were conducted in the same 
manner except that after exposure to carbon dioxide, the larvae were 
sifted out and placed in fresh flour. It will be noted in Table II that the 
mortality and incidence of prothetely were much lower when the larvae 
were placed in fresh flour after exposure than when kept in the flour 
high in adsorbed gas as in the first series. Abnormal larvae appeared 
in from 5 to 23 days in the first series and in from 4 to 12 days in the 
second one. 

Chapman (1926) reported the production of about 10 per cent 
prothetelous larvae in a lot exposed to the gas produced under certain 
conditions by the adults of T. confusum. Prothetelous individuals 
developed from certain exposures of the larvae of this species to fumi- 
gants, according to manuscript data of the junior author. 

In all the ‘“‘normal’’ cultures of Tribolium confusum that were 
examined from time to time, only three prothetelous individuals were 
observed and these were in one that was rather over-crowded. 

Both cross and longitudinal sections were made of normal and 
prothetelous Tribolium confusum larvae, cut 10 microns thick and 
stained with Delafield’s hematoxylin and eosin. In normal mature 
larvae the pupal wing pads are already evaginated and lie below the 
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larval cuticula. It is such individuals which become prothetelous when 
subjected to various retarding influences. Cross sections of prothetelous 
larvae possessing well formed pupal wing pads showed that these were 
completely evaginated. A severe injury to the mesothoracic wings 
was observed in some individuals in which the evaginated wing pads 
appeared to be swollen with material from the body cavity. Sections 
of the ovaries revealed little as they are very small in both the late 
larval and early pupal stages. From sections of the testes, it appeared 
that those of prothetelous larvae were further advanced than those 
of normal mature larvae. The question arises as to whether in the 
prothetelous larvae the hypodermis was stimulated, resulting in a 
premature molt before the pupal form had fully developed. 
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FOUR NEW APHIDS FROM COLORADO 


M. A, PALMER, 
Colorado Agricultural Experiment Station, 
Fort Collins, Colorado 


Amphicercidus maxsoni n. sp. 


Alate vivipara—Color of head and thorax dark; abdomen pale 
amber with dusky lateral areas and usually with slender yellowish 
brown dorsal dashes which are considerably broken, especially on the 
first three segments, and tending to be broader on segments 4 to 8; 
cauda, cornicles, legs and antennae dusky throughout. Length of 
body to base of cauda 1.6 (1.5 to 2);* antennae 1.55 (1.5 to 1.6); rostrum 
attaining first segment of abdomen. Vertex slightly convex. Frontal 
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Fic. 1. Amphicercidus maxsoni, n. sp. 


tubercles slightly exceeding vertex. Secondary sensoria circular, 
convex and slightly tuberculate with distinct rims. Hairs pointed, 
sparse, drooping; on vertex, antennae and sides of abdomen .01 long, 
on middle part of the outer side of the hind tibiae .02 long; hairs on 
cauda curved, pointed and .05 long. Cornicles cylindrical, sometimes 
slightly narrower in middle, with flange and with long transverse 
imbrications somewhat resembling wrinkles. Cauda broadly tapering 
at tip, parallel-sided in proximal part, with slight tendency to con- 
striction near base, bearing four pairs of lateral hairs and a single dorsal 
one at tip. Lateral tubercles inconspicuous or absent. Wing venation 
typical; mediae of fore wings twice-branched but variable and occasion- 
ally once-branched. Hind tibiae slightly swollen on proximal third 
and bearing about (2-9) dimly outlined sensoria on posterior sides. 

Described and drawn from holotype and 23 paratypes taken on 
roots of Eriogonum sp. August 26, 1913, in South St. Vrain Canon, 
Colorado, by Asa C. Maxson. ; 

A plerous summer vivipara—Color same as alate vivipara except that 
dorsal bands are usually better developed and often are coalesced 


*Measurements in parentheses, either in descriptions or in figures, indicate 
paratype variations. Measurements of structures figured are given on the figures 
and not repeated in the text. All measurements in this paper are given in 
millimeters. 
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forming a patch on abdominal segments 3 to 6. In occasional indi- 
viduals, perhaps younger, the markings are very broken or absent 
Length of body to base of cauda 1.3 to 1.7; hind tibiae .85 to 1.1; hind 


tarsi .13 to .14; antennae 1.25 to 1.55. Other measurements 


ao Ail 


alate vivipara except as gg er Other characters same as alate 
Vivipara except the followi1 Antennal characters as shown in hngure. 
Cornicles slightly curved. b Jorsal surface of head and entire antennae d 


imbricated; dorsal surface of body marked with setulose reticulations. 
Metathoracic lateral tubercles developed, others not evident. Hind 
tibiae bearing 6 to 10 irregular weak sensoria on basal third. 

Described from 20 morphotypes taken with holotype of alate 
vivipara. 

ITolotypes in U.S. Nat. Mus.; Cat. No. 51416; paratypes in 
collection of Colorado Agricultural Experiment Station. 

This species is peculiar in the possession of sensoria on the 
hind tibiae of the viviparae. From Amphicercidus pulverulens 
(Gill.) it differs in the antennal length being shorter than 
2.78, the absence of sensoria on antennal joint IV and cornicles 
much longer than half of antennal IV. From Amphicercidus 
flocculosa (Gill. and Palm.) it differs in antennal length, 
being shorter than 2.25, in sensoria on antennal III not being 
scattered and hind tarsi shorter than rostral IV+V. 
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Fic. 2. Cinara pseudoschwarsii, n. sp. 
Alate vivipara—Color of head and thorax dull black, abdomen 
blackish brown to dull black, marked with broken lines of white secretion 
on margins of sclerites of thorax and on the abdomen on median line, t 


lateral areas and on dorsum of posterior segments; antennal joints 
black distally and pale basally; legs black except yellowish area just 
below knees. Length of body 3.8 (3.8 to 4.00); antennae 1.2; hind 
tibiae 2.2 (2 to 2.4); rostrum 3.00 long; hairs on outer side of middle 
of hind tibiae .OS to .10 long, longer than diameter of tibia, moderately 
fine, not spinelike, nearly erect. Cauda rounded; frontal tubercles 
absent; wing venation typical. 
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Fundatrix—Color brownish black to dull black with median line of 
whitish spots. Body same as largest summer viviparae, appendages 
the same to slightly shorter. 


Taken May 2, 1936, in same locality as holotypes and by 
LL. F. Byars. 

Figured by the author from the holotype and described 
from holotype and 4 paratypes, 5th generation, taken July 8, 
1932, and 1 paratype, 2d generation, June 23, 1932, from 
colonies reared from collection of apterous summer viviparae, 
2d generation, taken on bark of tender twigs of Pinus scopu- 
lorum May 20, 19382, in foothills near Boulder, Colo., by L. F. 
Byars. 

A pterous summer vivipara—Color brownish black to dull black, 
marked with broken and indefinite pattern of white; antennae pale 
yellowish except tips of joints and entire VI; legs black except yellowish 
area just beyond knees. Length of body 3.3 to 4.00; antennae 1.2 to 
1.3; hind tibiae .9 to 2.4; hairs on outer side of middle of hind tibiae, 
not quite as long as diameter of tibia. Other characters as in alate 
vivipara except as figured. 

Figured and described from 38 morphotypes taken with 
holotype and paratypes and on various intervening dates, 
individuals from 2d. to 5th. generation. 

Holotype in U. S. Nat. Mus., Cat. No. 51417; paratypes in 
the collection of the Colorado Agricultural Experiment Station. 

This species is very close to Cinara schwarzii Wil., indeed 
the only difference found was the distinctly longer and more 
erect hairs on tibiae and antennae. From Cinara ponderosae 
(Will.) it differs in the distinctly finer and more numerous and 
more erect hairs on tibiae and in the longer rostral joint IV 
(.22), in ponderosae (.18 to .20), as well as in color differences 
of body. 

Cinara atlantica (Wil.), from mounted cotype specimens, 
seems to differ only in the slightly shorter rostral IV (.187). 
The color, however, of atlantica is unknown, so is the species 
of host. Furthermore, the collection locality of atlantica, 
Massachusetts, makes it very unlikely that the host is Pinus 
scopulorum and this genus of aphids seems especially specific 
as to host species. Until more information can be obtained 
concerning atlantica it seems best to consider this Colorado 
form distinct. 
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Kakimia sameenann n. sp. 
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Fic. 3. Kakimia collomiae, n. sp. 


Alate vivtpara—Color of head and thorax yellowish brown; antennae 
dusky except base of III; legs pale except tarsi, tips of tibiae and ends 
of femora which are brownish to dusky, cauda and cornicles pale. 
Length of body to base of cauda 1.5 (1.3 to 2.00); antennae 2.2 (1.95 to 
2.5), joints rather variable as to proportionate lengths; hind tibiae 1.3 

1.20 to 1.38); hind tarsi .08; rostrum attaining 2d. pair of coxae. 
Vertex and frontal tubercles slightly produced, about equally, resembling 
the genus Aphis. Secondary sensoria tuberculate and varying in size 
from large to small. Cauda rather cylindrical with tendency to con- 
striction near base and blunt at tip with two pairs of lateral hairs and 
one medial one at tip. Lateral tubercles present on abdomen. Wing 
venation typical. 

Figured from holotype and described from holotype and 60 
paratypes taken August 21 to 26, 1935, on Collomia linearis 
at Pingree Park, Colo. Feeding on underside of leaves, not 
deforming leaves but causing unthrifty yellowish appearance of 
plant; very numerous and in crowded colonies. 


A pterous summer vivipara—Color of head, thorax and abdomen pale 
yellowish; appendages all pale except tarsi and tips of tibiae which 
are brownish. Length of body to base of cauda 1.2 to 2.1; antennae 
1.55 to 1.90; hind tibia .60 to 1.15; rostrum attaining abdomen. Vertex 
and frontal tubercles considerably produced and bearing rather con- 
spicuous capitate hairs, .05 long. Hairs of antennae, outer side of 
hind tibiae and body capitate and .04 to .05 long. 


Described and figured from four morphotypes taken with 
holotype and paratypes of alate viviparae. Apterae were very 
scarce at this date. 


Alate male—Color same as alate vivipara. Length of body to base 
of cauda 1.3; hind tibiae 1.05; antennae about 1.85 to 2.10. Other 
characters as in alate vivipara except as figured. 
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Described and figured from about five morphotypes taken 
with holotype and paratypes of alate vivipara. 

This species differs from Kakimia alpina Gill. and Palm., a 
similar species taken in the same locality, in shorter hind tarsi, 
shorter antennal spur and rostral 1V+V and in fewer antennal 
sensoria. From Kak. cerei Gill. and Palm., also found in the 
same locality, it differs in shorter cornicles and rostral IV+V, 
as well as fewer antennal sensoria. 

Holotype in U. S. Nat. Mus., Cat. No. 51418; paratypes in 
the collection of the Colorado Agricultural Experiment Station. 

The life history of this species is unknown but the following 
facts suggest another host for the winter; first, the young were 
all becoming alate at the end of August and leaving the host; 
second, alate males developed but no oviparae were found. 
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Fic. 4. Macrosiphum breviscriptum n. sp. 


Alate vivipara—Color of head, prothorax and abdomen medium 
yellowish green; meso- and metathorax pale yellowish brown; antennae 
pale on I, II and base of III, remainder black; cornicles black beyond 
base; all tibiae black or blackish except paler area just beyond knees; 
femora black beyond basal two-thirds; cauda pale greenish. Length 
of body to base of cauda 1.9; antennae 3.60; hind tibiae 2.15 (2-2.20). 
Cauda slender, tapering and with slight tendency to constriction near 
base and bearing 2 or 3 pairs of long hairs and 4 to 6 short ones, mostly 
on distal third, some of the hairs almost capitate. Wing venation 
typical. 


Drawn by the author from holotype and described from 
holotype and 13 paratypes taken June 28, 1935, on Aster 
geyeri, by the author, and 2 paratypes taken August 22, 1918, 








S Annals Entomological Society of America |Vol. XXIX, 


by L. C. Bragg, all at Fort Collins, Colo. Feeding on leaves 


and tender stems, but not curling or deforming leaves. 


A plerous summer vivipara—Color of head, thorax and abdom 
medium yellowish green; appendages as in alate vivipara described 
above. Length of body to base of cauda 2.5; antennae 3.60; hind 
tibiae 1.9 to 1.95; cornicles .80 to .92; rostrum attaining nearly to 3d. 

“¢ 


coxae. Other characters the same as alate vivipara except as figured. 


Described and figured from 13 morphotypes taken with 
holotype and paratypes of alate vivipara, also 22 taken June 24, 
1935, on Aster geyert, 8 taken on June 22 on Aster novi-belgii by 
Leonard Sweetman, 3 taken June 25, 1914, on Aster laevis by 
L. C. Bragg, 1 taken August 22, 1918, on Aster sp. by L. C 
Bragg, all at Fort Collins, Colo., 9 taken on Machaeranthera sp. 
August 25, 1932, at Cameron Pass, Colo., and 10 on Aster sp., 
October 1, 1909, at Fort Collins, Colo., by L. C. Bragg. Feeding 
on leaves but not deforming or curling them. 

A pterous oviparous female—Color the same as in apterous vivipara. 
Measurements about the same as in apterous vivipara or slightly 
shorter and cauda bearing 10 to 12 short hairs besides the 2 or 3 pairs 
of long ones. Hind tibiae bearing sensoria as shown in figure. 

Described and figured from 6 morphotypes taken October 1, 
1909, along with apterous viviparae recorded above. 

This species is peculiar for the rather short reticulated area 
on cornicles as compared with other species of Macrostphum 
taken on Aster, namely, Mac. atripes G. & P., katonkae Hottes, 
tenuitarsis G. & P., and erigeronensis (Thos.). From the latter 
it also differs in longer antennae and cauda. From Macrosiphum 
rosae (L.) it differs in the cornicles being shorter than antennal 
III instead of longer, as well as in somewhat fewer sensoria on 
antennal III. From Mac. solanifoliae (Thos.) it differs in the 
distinctly greater number of antennal sensoria. 

Holotypes in the U. S. National Museum, Cat. No. 51419; 
paratypes in the collection of the Colorado Agricultural Experi- 
ment Station. 





THE INFLUENCE OF CONSTANT TEMPERATURES 
AND HUMIDITIES ON THE RATE OF GROWTH 
AND RELATIVE SIZE OF THE BEAN WEEVIL, 
BRUCHUS OBTECTUS SAY 


H. MENUSAN, JR. 
Ithaca, N. Y. 


The recently growing utilization of insects for quantitative 
toxicity, nutritional and growth studies requires exact control 
of all factors which may affect the insect. There is a scarcity of 
definite information regarding the effects of many environmental 
factors on the life processes of insects which materially curtails 
their experimental use. Therefore, aside from the scientific 
interest involved, it is of considerable practical importance to 
determine the effects of different environmental factors on 
insects that lend themselves to experimental work. 


Extensive reviews of the effects of environment on insects and on 
insect development are given by Uvarov (13),! and Buxton (4). There 
is a considerable difference of opinion on this subject and much of the 
early work is not supported by sufficient experimental evidence. 

It has been shown by Titschack (11, 12), working with the clothes 
moth, Jineola biselliella Hum., that larger and heavier moths were 
produced by rearing them at lower temperatures. This author explained 
the increase in size at low temperatures as being due to a lengthening 
of the larval life which increased the total amount of food taken by the 
larva. Alpatov and Pearl (1) found that Drosophila melanogaster 
Meig. reared at 18° C. were distinctly larger in a series of bodily dimen- 
sions than when reared at 28° C., also that the insects reared at the 
lower temperature were darker. Among the many investigators who 
have found that darker individuals are produced at lower temperatures 
are Parker (9), Titschack (12), and Marcovitch and Stanley (6). 

Speicher (10) has recently demonstrated that when Ephestia 
kuehniella Zeller were reared in dry air and in ordinary air, the pupae 
in the dry air weighed less than half the normal, but contained the 
normal proportion of water. Titschack (11) found that Tineola 
biselliella Hum., reared in dry air (dessicator containing calcium chloride) 
were lighter in weight than the controls at the same temperature. He 
considered his own results surprising since the time required for develop- 
ment was longer in the dessicators and longer developmental time was 
correlated with heavier animals. 

It has recently been demonstrated (7) that temperature and 
humidity have marked effects on the duration and viability of the 


‘Numbers in parentheses refer to literature cited. 
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different stages of the bean weevil (Bruchus obtectus Say); similarly 
these factors have been shown to affect the rate and total amount 
of oviposition of the fertile female (8S). The present paper deals with 
the effects on the rate of growth of larvae and resultant size of adults 
of different environments. Bean weevils and confused flour beetles 
(Tribolium confusum Duval) were reared at different environments 
and the weights of the resultant adults determined, while the meal- 
worms (larvae of Tenebrio molitor Lin.) were used for determining the 
rate of growth of larvae at different temperatures and humidities. 


METHODS AND MATERIALS 


The method of controlling the humidities with a few minor modifica- 
tions was the same as previously described (7). The rate of flow of 
compressed air through the dehumidifying solutions was an average of 
1.5 liters per hour. The air flow could not be increased above three 
liters per hour since a faster rate of flow did not allow sufficient time 
for the air temperature to become at equilibrium with the water bath 
temperatures under the conditions of the experiments. With the air 
flow at 1.5 liters per hour the air in each insect container (50-60 cc. 
flasks) was changed 20 to 30 times per hour. 

During this investigation the question arose as to whether the 
sulfuric acid, through its low vapor pressure, might not exert some 
influence on the results. Bean weevils and confused flour beetles were 
reared in air passing through a solution of potassium hydroxide and in 
air passing through sulfuric acid. In both cases the temperature, 
humidity and other factors were the same. The viability of the insects 
and the time required for development were apparently the same with 
either method, indicating that the sulfuric acid did not affect the results. 

In using sulfuric acid for humidity control, there are two require- 
ments for successful results which are sometimes overlooked: (a) the 
necessity for cleanliness in the apparatus, and (b) the necessity for 
scrubbing the air before it is passed through the acid solutions. Organic 
material coming in contact with sulfuric acid is acted upon with the 
possible formation of sulfur dioxide. The specific gravity of the acid 
solutions should be checked often and the solutions brought to the 
proper specific gravity. 

The food for each insect was placed in a thin layer at the bottom of 
the container and allowed to become in equilibrium with the environ- 
ment before the introduction of the young larvae. The food is in more 
intimate contact with the insect than the conditioned air, therefore, 
one cannot overestimate the necessity of keeping the food in equilibrium 
with the relative humidity of the air. 

The bean weevils were reared on red kidney beans and the confused 
flour beetles were fed on graham flour which had been passed through 
a 40-mesh cloth. A prepared dry dog food containing a mixture of 
cereals, vegetables and meat products was used to feed the meal worms. 

Ten mealworms and twenty larvae of both the bean weevil and 
confused flour beetle were added to separate food containers in each 
experiment. The larvae in each case were less than twenty-four hours 
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old. The larvae of the bean weevils and flour beetles were obtained 
from eggs deposited by adults reared and kept at 25° C. and 50 percent 
relative humidity. In the case of the mealworm the larvae were 
obtained from eggs deposited by adults reared and kept at 25° C. and 
80 percent relative humidity. All the insects were reared and all the 
experiments were conducted in darkness. 

Preliminary experiments indicated that variations in the atmospheric 
pressure of two or three inches of mercury did not have any measurable 
effect on the duration and viability of the different stages of the insects 
used. Therefore all the experiments were conducted at atmospheric 
pressure and no attempts were made to hold the pressure constant. 

The containers were examined daily and all newly emerged adults 
were removed and weighed, the results have been expressed in milligrams 
of live weight. 


TABLE I 


WATER CONTENT IN PERCENT (DRY WEIGHT Basts) oF DIFFERENT Foops 
AT 25° C, AND DIFFERENT RELATIVE HUMIDITIES 


PERCENT RELATIVE HUMIDITY OF THE 
ENVIRONMENT 











| 
Foop | 
| Sid Ere 
. -& Poe 25 | 50 | 75 90 | 98 
Red kidney bean..... ..t 2 | 3 | 7 | 10 | a7 | 2 | 30 
Special meal....... Ssaene (ll 1 Racaes OF Bivens 
Graham flour.... hes 6 8 BD fecwceesl SB fh 
RESULTS 


The food of the different insects varied in water content directly 
as the relative humidity of the environment. The water content of 
the food at different relative humidities did not appreciably change 
between 20° and 30° C. In the case of the red kidney beans the seed 
was living and it is not known whether or not the same equilibrium 
would hold for dead seeds. The moisture content was determined on 
a ten gram food sample by drying at 103° C. for 24 hours or to constant 
weight. The results of the water determinations are given in Table I 
and also in Figure 1 for the water content of the red kidney bean. 

Experiments were conducted at various constant environments 
with temperatures of 17.3°, 21.1°, 24.7°, and 31.1° C. and the relative 
humidities at 10, 25, 50, 80, and 90 percent. The range. selected has 
been previously shown (7) to be the range of temperatures and humidities 
in which the bean weevil is able to develop and reproduce normally. 
Unfortunately, due to the time required, it was impossible to repeat 
the experiments conducted at 17.3° C. At all other temperatures the 
experiments were repeated at least once on a different generation of 
insects. 
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Approximately 500 adult bean weevils were reared at different 
environments with the results presented in Table II and Figures | to 4. 
More adults emerged at 24.7° C. than at any other temperature used. 
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Fic. 1. Average weight of bean weevil adults reared at 24.7°C. and different 


relative humidities together with the water content of the food. 
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Fic. 2. Average weight of bean weevil adults reared at different constant 
temperatures with the same water content in their food and the same relative 
humidity. 


Similarly, more adults emerged at SO percent relative humidity than 
at any other relative humidity. Nearly sixty percent of the total 
number reared emerged either at 50 or SO percent relative humidity. 





rey 





1936| Menusan: Growth in Bruchus 283 


“aOn 


Greater individual variations occurred between individuals reared at 
low relative humidities than between those reared at high relative 
humidities. This was true for both the time required for development 
(7) and for the individual variations in weight. 

If the temperature was held constant the size of the resultant adult 
was markedly influenced by the relative humidity at which the insect 
was bred. The increases in weight of the male and female bean weevils 
as the humidity was increased was not equal, the female weight increas- 
ing more rapidly than the male (Figures 1 and 4). In another series of 


TABLE II 


COMPARATIVE RATE OF DEVELOPMENT AND PERCENT EMERGENCE OF THE BEAN 
WEEVIL AND THE AVERAGE WEIGHT IN MILLIGRAMS AT EMERGENCE 
OF THE ADULTS REARED AT THE GIVEN ENVIRONMENT 


AVERAGE DURATION OF LARVAL-PUPAL STADIA 








lem- Relative E AND WEIGHT OF RESULTANT ADULTS 
| yrs smergence 
perature | Humidity | Dencent an < ‘ 
c Percent aoa Males | Females 
Days Milligrams | Days | Milligrams 
10 4 31 3.3 37 2.8 
25 45 26.3 3.3 29.8 3.9 
31.1 50 57 25.0 3.9 26.2 5.1 
80 80 21.4 5.4 22.0 6.4 
90 67 20.6 5.5 21.1 7.1 
10 17 49 .4 2.9 55.3 3.2 
25 45 39.2 o.4 41.2 4.6 
24.7 50 70 34.6 4.3 36.0 6.0 
80 95 31.7 5.8 32.3 7.3 
90 90 28.9 5.9 30.2 7.4 
25 60 55.7 4.7 63.7 4.3 
as.8 50 84 48 .2 5.6 50.3 7.0 
80 93 42.3 6.3 43.8 ea 
90 88 38.3 61 40.9 7.9 
25 12 99 3.9 100 5.3 
17.3 50 80 76.2 5.9 79.3 7.0 
80 70 80.6 6.8 79.9 8 3 


humidity experiments conducted at 25° C. the adults reached their 
maximum size at 90 to 95 percent relative humidity. Above 95 percent, 
that is at 98 percent relative humidity, the adults were smaller than 
those reared at either 90 or 95 percent. 

When the moisture of the food and the relative humidity of the 
nvironment was held constant the size of the adults increased as the 
temperature decreased. The increase in size with decreasing tem- 
peratures was apparently a linear function and was the same for the 
male as for the female (Figures 2 and 3). 

The difference in size of the bean weevils reared at different environ- 
ents was evidently due both to the difference in temperature and the 
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difference in relative humidity. Whether the relative humidity is 
direct factor or acts only as it affects the moisture content of the food 
is not known. 


6¢@ 08 
A 8 
68 66 


Fic. 3. The influence of temperature and humidity on the size of bean weevils. 
A and C are pairs of bean weevils (male on left) reared at 31.1° C. and 50 and 
80 percent relative humidity respectively; B and D were reared at 17.3° C. 
and 50 and 80 percent relative humidity respectively. 


Increasing the relative humidity of the air at all temperatures 
increased the water content of the food and decreased the time required 
for the larvae to complete development and emerge as adults. It will 
be noted (Table II) that at 17.3° C. there is an apparent deviation 
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Fic. 4. Bean weevil adults reared at 24.7° C. and different constant relative 
humidities. The male insect is on the left in each pair. A, 10 percent; B, 25 
percent; C, 50 percent; D, 80 percent relative humidity. 


in the time required to complete development between the 50 and 80 
percent relative humidity. This is probably due to experimental error 
since the experiment was conducted only once and the 80 percent 
relative humidity experiment was conducted on a different generation 


at a different time than the experiments at 25 and 50 percent relative 
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humidity. In spite of the apparent reversal in time required for 
development the weight of the adults emerging at 17.3° C. and 80 
percent relative humidity was greater than those emerging at 50 percent 
at the same temperature. At all other temperatures and humidities 
the results are strictly comparable and consistent. 

Longer larval developmental periods did not result in the production 
of larger adults as reported by Titschack (11, 12) and others unless the 
relative humidity was held constant at each different temperature. 
When the relative humidity was varied and the temperature was held 
constant the larger insects were those which developed most rapidly. 
Time did not permit a detailed study of the rate and total amount of 
food intake for the different environments, but it was noted that at high 
humidities as judged by the time required for development the rate of 


TABLE III 


COMPARATIVE RATE OF DEVELOPMENT AND AVERAGE WEIGHT OF CONFUSED 
FLouR BEETLES REARED AT DIFFERENT TEMPERATURES AND HUMIDITIES 


lemperature Re lative Total Emergence Adult Weight 
©. Humidity Number Time, Days Milligrams 
Percent ‘ 
10 59 30.5 2.01 
25 31 27.5 2.02 
31.1 50 37 24.4 2.08 
80 34 21.9 2.23 
10 60 49.1 2.10 
25 38 45.3 2.18 
24.7 50 17 40.8 2.14 
80 20 37.4 2.31 


food absorption must have been more rapid at 80 to 90 percent than at 
10 to 20 percent relative humidities. Both temperature and relative 
humidity influenced the metabolism as indicated by the size of the 
resultant adult. No change in coloration of any individuals was noted 
within the range of temperatures and humidities used in these studies. 

Results obtained with the confused flour beetle at 31.1° C. and 24.7° 
C., using 20 to 60 newly hatched larvae were comparable to those 
obtained with bean weevils (Table III). No attempt was made to 
separate the sexes in the pupal stage, therefore the figures given deal 
with average populations. The sex ratio of the confused flour beetle 
has been shown by Brindley (3) to be approximately 1 to 1. The 
average weights of the adult flour beetles in all cases in Table III are 
considerably greater than the weights reported by Brindley (3). This 
increased weight cannot be explained on the basis of sex since the weights 
are greater than those given for the females, the larger sex. 

The meal worm was selected for larval growth studies because of its 
comparative large size and slow growth. Newly hatched larvae were 
placed with meal in equilibrium with the environment in flasks as 
previously described. The rate of growth was determined by weighing 
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at different times all the larvae (normally 10) at each environment 
individually and averaging these results for the mean value given in 
Table IV and Figure 5. The results of this experiment illustrates the 
influence of both temperature and humidity on the rate of growth of 
larvae. 

It was impossible to rear meal worms at low relative humidities. 
At 24.7° C. and 25 percent relative humidity the meal worms remaining 
alive at the end of 50 days had doubled in weight but the mortality 
had been over 60 percent. At the end of 78 days only two meal worms 
remained alive and they had not increased in weight. At all other 
temperatures and 25 percent relative humidity the larvae all died 
within 50 days. 
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Fic. 5. Comparative growth of mealworms at different constant environments 


Meal worms were most dependent on atmospheric moisture and the 
confused flour beetles were the most independent of the relative humidity 
of the three insects used. If the results obtained with bean weevils are 
compared with those obtained with the flour beetles it is apparent that 
the flour beetles were more tolerant to low relative humidities. 

There was a possibility that some of the differences in weight of 
individuals from different environments might be due to differences 
in proportions of the water content. To determine this, adult bean 
weevils and meal worms reared at different environments were dried 
to constant weights at 103° C. The average water content, expressed 
as percentage of live weight, of the bean weevil adults from different 
environments varied from 47.8 to 51.2 percent. The average of all 
determinations was 48.5 percent water for the male and 49.5 percent 
for the female bean weevils. The percentage of water in the female 
increased approximately two percent when the humidity of the environ- 
ment was increased from 25 to SO percent relative humidity but that 
of the male remained constant. The higher percentage of water in 
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the females was probably due to eggs carried by the females. The 
water content of newly laid eggs was 60.2 percent. The percentage 
of water in mealworms reared at different temperatures and at 50 and 
SO percent relative humidity was independent of the environment. 
The average percentage of water decreased from 63.6 to 53.8 as the 
size of the meal worms increased in weight from 2 to 180 milligrams. 
The same inverse correlation of percentage of water with size was 
found in the stock mealworms reared at 25° C. and 80 percent relative 
humidity. This variation of the water content with the size of the 
meal worms has been reported by Berger (2) and Teissier (quoted by 
Buxton (4), p. 300). 


TABLE IV 


GrowTH OF Tenebrio molitor LARVAE AT DIFFERENT CONSTANT TEMPERATURES 
AND HUMIDITIES 


AVERAGE LIVE WEIGHT IN MILLIGRAMS PER 





Percent Time LARVA AT DIFFERENT TEMPERATURES 
R. H. Days — rt A nen ee a : a 
31.1 | 24.7° a 17.3° 
l 48 46 48 47 
30 5.5 56 
45 21 .2 10.0 3.6 
55 CI, CE diateetaitaed iy . 1.36 
80 66 77.8 52.1 TO hkwie ds 3 
73 | 104.6 65.8 19.8 1.96 
83 108.1 arn UES wid 
97 165.9 58.5 
108 179.9 83.0 
l 47 47 46 48 
50 7.9 3.4 2.0 1.3 
50 78 35.4 10.8 | 4.9 2.2 
97 72.6 25.1 8.5 3.1 
114 110.8 50.4 14.0 3.0 


SUMMARY 


Bean weevils, confused flour beetles and mealworms were 
reared at constant environments on an excess of suitable food. 
Both temperature and humidity influenced the size of resultant 
adults and the rate of growth of the larvae. Both the temper- 
ature and the humidity, therefore, influenced the rate of insect 
metabolism. 

Increasing the relative humidity of the air from 10 to 90 
percent at all the temperatures tried (17° to 31° C.) decreased 
the time required for development and increased the size of the 
resultant adults. When the moisture content of the food and 
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the relative humidity of the environment was held constant 
the adult weight increased as the temperature decreased. 

The differences in weight of adults or in growth of larvae 
was not due to differences in water content. The water content 
of adult bean weevils remained practically constant regardless 
of the humidity or temperature of the environment at which 
they were reared. Similarly, with the mealworms the percent- 
age of bodily water was inversely proportional to the size of 
the larvae and, within the range of the experiments, independent 
of temperature or humidity. 
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TWO NEW GENERA AND FIVE NEW SPECIES 
OF MUTILLID! 


CLARENCE E. MICKEL, 
University of Minnesota, 
St. Paul, Minn. 


Lomachaeta n. gen. 


Male.—Mandibles tridentate (edentate at the tip and with two 
small teeth within adjacent to the tip) broadly emarginate beneath 
and with a small, distinct tooth beneath; eyes subovate, hemispherical, 
entire, the facets distinct; first abdominal segment constricted at the 
distal margin, not sessile with the second; abdominal tergites two, 
three, four and five with a row of bristles at the distal margin, the 
bristles most conspicuous on tergites two and three; felt lines on second 
abdominal tergite only; pubescence of body composed of simple 
hairs; stigma of front wings much reduced, inconspicuous; distance 
between the origin of the free part of vein M and the stigma 
equal to the length of the latter; veins Ry, Mi,2 beyond R;, M; and Mp, 
all obsolete, thus cells Ry and Ist Me open. 

Female——Mandibles edentate at the tip, not emarginate nor 
toothed beneath; eyes subovate, entire, the facets distinct; thorax 
pyriform, widest anteriorly, gradually narrowed posteriorly; first 
abdominal segment much smaller than the second, somewhat con- 
stricted at the junction of the two, not sessile with the second; distal 
margin of abdominal tergites without bristles; pygidial area obsolete, 
not at all defined laterally; pubescence of body composed of simple 
hairs. 


Genotype.—Lomachaeta hicksi n. sp. 
Related to Dasymutilla and Pseudomethoca but differs from 
both as indicated in above diagnosis. 


Lomachaeta hicksi n. sp. 


Male.—Head and thorax entirely black; abdomen ferruginous, 
except an anterior median spot on tergites three to six black; trochanters 
and femora of middle and posterior legs ferruginous, except the tips of 
the femora black, otherwise the legs black; first segment of flagellum 
slightly shorter than the pedicel, about half the length of the second; 
wings subhyaline. Length, 5 mm. 

Head entirely black, the front and vertex clothed with sparse, 
erect, fuscous pubescence, the clypeus and genae with sparse, pale, 
glittering pubescence; mandibles as in generic diagnosis; sculpture of 
clypeus not visible; antennal tubercles distinctly separated; scape 
finely, densely punctate above, not noticeably carinate beneath; flagellar 
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segments short, usually not longer than broad, the first as above; 
antennal scrobes apparently not carinate above; front with moderate, 
dense, confluent punctures, the latter becoming smaller, shallower 
and separated on the vertex, the latter much less coarsely sculptured 
than the front; genae with small, sparse punctures; ocelli small, incon- 
spicuous; relative widths of head and thorax at the tegulae, 2.1-2.1. 

Thorax entirely black, the pronotum, mesonotum and scutellum 
clothed with sparse, erect, pale fuscous pubescence, elsewhere with 
pale, glittering pubescence; pronotum and mesonotum with moderate, 
distinct, scarcely confluent punctures, those on the mesonotum slightly 
larger than on the pronotum; parapsidal furrows very obscure, practic- 
ally obsolete; scutellum with moderately small, close, distinct punctures; 
propodeum without an enclosed space, the dorsal and posterior surfaces 
distinctly reticulate; humeral angles rounded; propleurae with shallow 
punctures; anterior half of mesopleurae mostly glabrous, impunctate, 
the posterior half with moderate, close, distinct punctures; metapleurae 
mostly glabrous, impunctate; sides of propodeum glabrous, impunctate 
except the posterior margin with large, close, shallow punctures; 
tegulae glabrous, with sparse, fuscous pubescence throughout. 

Abdomen ferruginous, except tergites three to six with an anterior, 
median, black spot, clothed throughout with very sparse, erect, pale 
pubescence, except segments four to seven with fuscous pubescence; 
posterior margin of tergites two to five armed with a row of black 
bristles; first tergite with moderate, shallow punctures; second tergite 
with moderate, distinct, separated punctures; tergites three to six with 
small, inconspicuous punctures; last tergite with small, indistinct 
punctures; first sternite with a low, median, longitudinal carina on the 
anterior half; second sternite with moderately large, distinct punctures; 
sternites three to six with very small punctures at the distal margin. 

Wings subhyaline; venation as in Fig. 5. 

Legs black, except the trochanters and femora of the middle and 
posterior legs ferruginous, the tips of the femora black; all the legs 
clothed with sparse, pale, glittering pubescence; calcaria pale. 

Female.—Entirely ferruginous, except the antennae, tibiae and 
tarsi somewhat fuscous; front, vertex and dorsum of thorax reticulate, 
the thorax more broadly so than the head; second abdominal tergite 
with scattered, moderate punctures and a fringe of pale, glittering 
pubescence at the distal margin; pygidial area obsolete, not defined 
laterally. Length, 4.5 mm. 

Head entirely ferruginous, the antennae fuscous, clothed throughout 
with very sparse, erect, fuscous pubescence; mandibles edentate at the 
tip, not emarginate nor toothed beneath; antennal tubercles distinctly 
separated; scape sparsely, indistinctly punctate; pedicel long, equal in 
length to the first segment of flagellum, the latter slightly longer than 
the second flagellar segment; antennal scrobes not carinate above; 
front strongly reticulate, the meshes smaller than those on the dorsum 
of thorax; reticulations of front becoming shallow and indistinct on 
the vertex; genae shallowly reticulate, the posterior margin defined by 
a carina; relative widths of head and thorax, 2.0-1.7. 

Thorax entirely ferruginous, clothed with very sparse, erect, fuscous 
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hairs; dorsum including the posterior face of propodeum broadly 
reticulate; thorax pyriform, gradually narrowed posteriorly; scutellar 
scale absent; humeral angles subangulate; sides of dorsum of thorax 
with a pair of prominent tubercles at the anterior spiracles and propodeal 
spiracles, and a pair of less prominent tubercles slightly behind the 
middle of the mesonotal region; relative widths of thorax at humeral 
angles, anterior spiracular tubercles, mesonotal tubercles, propodeal 
spiracular tubercles and posterior margin of propodeum respectively, 
1.3—1.7—1.6—1.55-0.7; propleurae and posterior half of mesopleurae 
obscurely reticulate; remainder of pleural areas including sides of pro- 
podeum glabrous, unsculptured; sides of propodeum separated from 





Fics. 1, 2,3 and 4. Anommutilla dificilis. 
Fic. 5. Lomachaeta hicksi. 


dorsum and posterior face by a sinuate ridge limiting the reticulate area 
of the dorsum and posterior face of propodeum. 

Abdomen entirely ferruginous, clothed throughout with very sparse, 
erect, fuscous pubescence, except the distal margin of the second 
tergite with a fringe of pale, glittering pubescence; first segment very 
much smaller than the second, slightly constricted distally, not sessile 
with the second; first tergite with indistinct, very sparse punctures; 
second tergite with scattered, moderate punctures; tergites three to five 
with small, scattered, indistinct punctures; pygidial segment glabrous, 
with sparse, small, indistinct punctures, the pygidial area obsolete; 
first sternite apparently without a median, longitudinal carina; second 
sternite with sparse, moderate punctures; sternites three to five and 
hypopygium indistinctly, finely punctate. 
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Legs ferruginous, except the tibiae and tarsi fuscous, clothed with 
very sparse, pale fuscous hairs; posterior tibiae distinctly clavate; 
middle tibiae with a single row of three spines on the external surface, 
the posterior tibiae with a row of two spines; calcaria pale. 


Holotype, male, Pasadena, California, May 2, 1928 (Chas. 
H. Hicks), in University of Minnesota collection. 

Allotype, female, Sierra Madre, California, April 15, 1928 
(Chas. H. Hicks), in University of Minnesota collection. 

Paratype. male, Pasadena, California, February 20, 1928 
(Chas. H. Hicks). 

The allotype is like a second female specimen which has been 
lost and which was reared from the same host as the holotype. 
The male is very distinct from other North American Mutil- 
lidae on account of the bristles at the distal margin of the 
abdominal tergites, the structure of the mandibles and the 
wing venation. The female is easily recognized by the reticu- 
lation of the head and thorax, the absence of a pygidial area, 
and the presence of an apical fringe only on the second tergite. 


Lomachaeta coloradensis n. sp 


Male.—Entirely black, clothed for the most part with sparse, pale 
glittering pubescence, except the front, vertex, mesonotum, scutellum 
and abdominal tergites three to seven with sparse, fuscous pubescence; 
pronotum sparsely punctate medially, the punctures close at the sides; 
first segment of flagellum shorter than the pedicel, about half the length 
of the second flagellar segment. Length, 5 mm. 

Head entirely black, the front and vertex clothed with sparse, 
fuscous pubescence, the clypeus, genae and posterior margin of head 
with sparse, pale, glittering pubescence; mandibles as in generic 
diagnosis; antennal tubercles separated, the distance between them 
equal to the length of the second flagellar segment; scape with fine, 
dense punctures above, apparently not carinate beneath; flagellar 
segments as above; front with large, dense punctures; vertex with 
moderately small, sparse punctures; genae with small, close punctures; 
ocelli very small; relative widths of head and thorax at the tegulae, 
2400—2.1. 

Thorax entirely black, clothed with sparse, fuscous pubescence, 
except the pronotum, propodeum, propleurae and mesopleurae with 
sparse, more or less pale, glittering pubescence; pronotum with moder- 
ately small punctures, sparse nae. close at the lateral margins; 
humeral angles rounded; mesonotum with moderate, distinct punctures, 
the latter close posteriorly; scutellum with moderate, close, confluent 
punctures; propodeum without a dorsal enclosed space, the dorsum and 
posterior face reticulate, the meshes of the reticulation small, their 
diameter slightly less than the length of a flagellar segment; propleurae 
with indistinct punctures; mesopleurae with moderate, close punctures, 
the punctures becoming sparse anteriorly; metapleurae and sides of 
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propodeum glabrous, unsculptured, except the extreme posterior margin 
punctate; tegulae with fine punctures and sparse, fuscous pubescence 
throughout. 

Abdomen entirely black, clothed with sparse, more or less pale, 
glittering pubescence, except tergites three to seven with sparse, fuscous 
pubescence; first tergite with moderate, distinct punctures; second 
tergite with moderate, distinct punctures, the latter becoming small 
and sparse at the posterior margin; tergites three to seven finely 
punctate; first sternite with a distinct, median, longitudinal carina; 
second sternite with moderate, distinct punctures; sternites three to 
six and hypopygium finely punctate. 

Wings subhyaline; venation similar to Fig. 5. 

Legs entirely black, sparsely clothed with pale, glittering pubescence, 
calcaria pale. 


Holotype, male, Boulder county, Colorado, March 13, 
1926 (Chas. H. Hicks), in University of Minnesota collection. 

-aratype, male, Boulder county, Colorado, May 4, 1932 
(Chas. H. Hicks). 

Related to hicksi but differs in the entirely black color and 
the puncturation of the pronotum. 


Lomachaeta punctinota n. sp. 


M ale.—Body black, except the distal margin of the second abdominal 
tergite obscurely testaceous; legs piceous, clothed with sparse, pale, 
glittering pubescence, except abdominal tergites five to seven with 
fuscous pubescence; vertex and pronotum closely punctate throughout. 
Length, 4.5 mm. 

Head entirely black, sparsely clothed with pale, glittering pubescence; 
mandibles as in generic diagnosis; antennal tubercles distinctly separated, 
the distance between them equal to the length of the second flagellar 
segment; scape finely densely punctate above, apparently not carinate 
beneath; first segment of flagellum shorter than the pedicel, equal to 
about half the length of the second flagellar segment; antennal scrobes 
not carinate above; front with moderate, dense, confluent punctures; 
vertex with moderate, close punctures, scarcely as coarsely punctured 
as the front; genae with small, close punctures; ocelli small, incon- 
spicuous; relative widths of head and thorax at the tegulae, 1.95-2.1. 

Thorax entirely black, clothed with sparse, pale, glittering pubes- 
cence; pronotum with moderate, close punctures throughout; humeral 
angles rounded; mesonotum with moderate, distinct, separated punc- 
tures, becoming close at the posterior margin; scutellum with moderate, 
dense, confluent punctures; dorsum of propodeum without an enclosed 
space; dorsum and posterior face of propodeum reticulate; propleurae 
indistinctly punctate; mesopleurae with moderate, close punctures, the 
latter becoming sparse at the anterior margin; metapleurae and sides of 
propodeum glabrous, impunctate, except the latter punctate at the 
posterior margin; tegulae finely punctate and sparsely pubescent 
throughout. 
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Abdomen black, except the posterior margin of the second tergite 
obscurely testaceous; first tergite with moderate, scattered punctures; 
second tergite with sparse, moderate punctures throughout; tergites 
three to seven finely, indistinctly punctate; first sternite with a distinct, 
median, longitudinal carina; second sternite with moderate, distinct 
punctures; sternites three to six at the distal margin, and the hypo- 
pygium, finely punctate. 

Wings subhyaline; venation similar to Fig. 5. 

Legs piceous, sparsely clothed with pale, glittering pubescence; 
calearia pale. 


Holotype, male, Carbondale, Illinois, August 17, 1891 (G. H. 
French) from grape, No. 17399 in Illinois Natural History 
Survey collection. 

The reference to grape in the locality record of the holotype 
evidently means that it was reared from grape twigs; that would 
indicate that this species is a parasite of some small wasp or 
bee which makes its nests in grape twigs. 

Very similar to coloradensis but differs in the more coarsely 
sculptured vertex and pronotum, more extensive pale pubes- 
cence and the obscurely testaceous distal margin of the second 
tergite. 


Lomachaeta minutula n. sp. 


Female.—Ferruginous, the head and dorsum of thorax infuscated, 
and the second abdominal tergite except the broad distal margin, 
black; front, vertex and dorsum of thorax narrowly reticulate; second 
abdominal tergite with small, shallow, scattered punctures, the distal 
margin with a thick fringe of pale, glittering pubescence; pygidial 
area obsolete. Length, 3 mm. 

Head dark ferruginous, clothed with very sparse, erect, fuscous 
pubescence, except that on the clypeus and genae more or less pale; 
mandibles edentate, not emarginate nor toothed beneath; antennal 
tubercles distinctly separated; pedicel and first flagellar segment equal 
in length, the latter longer than the second flagellar segment, but 
shorter than the second and third united; antennal scrobes not carinate 
above; front, vertex and genae, narrowly reticulate, the posterior margin 
of genae defined by a carina; relative widths of head and thorax, 1.55-1.3. 

Thorax ferruginous, the dorsum dark like the head, clothed with 
very sparse, pale pubescence; the latter fuscous in certain lights; dorsum 
of thorax narrowly reticulate, the posterior face of propodeum more 
shallowly so than elsewhere; humeral angles angulate; thorax pyriform, 
gradually narrowed posteriorly; relative widths of thorax at humeral 
angles, anterior spiracular tubercles, propodeal spiracles, and posterior 
margin of propodeum, 1.2-1.3-1.1-0.5; propodeal spiracular tubercles 
not prominent; scutellar scale entirely absent; propleurae indistinctly 
sculptured; mesopleurae glabrous except posteriorly reticulate; meta- 
pleurae and sides of propodeum glabrous, unsculptured. 
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Abdomen ferruginous, the second tergite except the broad, distal 
margin, black, clothed with very sparse, erect, pale pubescence, except 
that beyond tergite two more or less fuscous; first tergite with small, 
sparse punctures; second tergite punctured and with a marginal fringe 
as described above; tergites three to five indistinctly punctate; pygidial 
segment glabrous, the pygidial area obsolete, not defined; sternites not 
visible. 

Legs ferruginous, sparsely clothed with pale, glittering pubescence; 
posterior tibiae clavate; calcaria pale. 


Holotype, female, Cat. No. 50648 U.S. N. M., Hot Springs, 
Memphis or St. Louis, July, 1904 (H. S. Barber). 

Differs from the female of Aicksi in the narrower reticula- 
tions of head and thorax, the less prominent tubercles at the 
lateral margins of the dorsum of the thorax, and the black 
second tergite with its ferruginous distal margin. This is 
very likely the female of punctinota. 


Anommutilla n. gen. 


Male.—Mandibles simple, edentate at the tip and with a small 
tooth within near the apex, not emarginate nor toothed beneath; 
maxillary palpi six-segmented?’ labial palpi four-segmented? antennal 
tubercles almost obsolete, the antennae widely separated, the distance 
between them about twice the distance between the antennae and the 
eyes; eyes large, reniform, the inner margins very shallowly emarginate; 
malar space obsolete; prothorax well developed, the pronotum three- 
fourths the length of the mesonotum along the midline; tegulae very 
small and scalelike; first abdominal segment very strongly constricted 
distally both dorsally and ventrally; second abdominal tergite only 
with felt lines, the latter on the anterior half of the tergite; anterior 
wings with the stigma small, inconspicuous; cell 2nd R; + Re» truncate 
at the apex; cell Ry present and distinct; vein Me present and distinct; 
distance between the origin of vein M on vein R and the base of the 
stigma distinctly greater than the length of the stigma; posterior wings 
without an anal lobe; vein m—-cu + R4,; + M; (cubital) of the posterior 
Wings arising on vein Cu + My, (median) distad of vein M3; (transverse 
median); intermediate coxae widely separated; tibial spurs, 1, 1, 2. 

Female —Unknown. 


Genotype, Anommuitilla difficilis n. sp. 


Anommutilla difficilis n. sp. 


Male.—Entirely black, clothed with sparse, pale, glittering pubes- 
cence, except the last three abdominal segments clothed with sparse, 
fuscous pubescence; clypeus flat, not elevated; first segment of flagel- 
lum equal in length to the second; head and thorax with sparse, small 
punctures; dorsum of propodeum without an enclosed space; first 
segment of abdomen strongly petiolate at the base, the petiole short, 
then broadly expanding, the width at the apex equal to four-fifths the 
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length, strongly, transversely constricted at the distal margin both 
dorsally and ventrally; second tergite with small sparse punctures; 
cell R; receiving vein M3,; very close to the base; cell Ry receiving vein 
Mp one-third the distance from base to apex. Length, 7 mm. 

Head entirely black, sparsely clothed with pale, glittering pubes- 
cence; mandibles dark ferruginous, slender, edentate at the apex, and 
with a small tooth within near the apex; clypeus flat, with sparse, small 
punctures, clothed with sparse, pale, glittering pubescence; antennal 
tubercles obsolete, the antennae inserted in sockets on the front; scape 
short, equal in length to the pedicel and first segment of flagellum 
united; first segment of flagellum equal in length to the second; antennae 
widely separated, the distance between them equal to twice the distance 
between the antennal sockets and the eyes; no malar space; eyes large, 
reniform, the inner margins broadly and shallowly emarginate; front, 
vertex and genae with small, weak, separated punctures; ocelli small, 
the distance between the lateral ocelli and the eye margins equal to 
three times the diameter of a lateral ocellus, the distance between 
the two lateral ocelli four times the diameter of a lateral ocellus; relative 
widths of head and thorax at the tegulae, 2.1—2.1. 

Thorax entirely black, sparsely clothed with pale, glittering pubes- 
cence; pronotum almost as long at the middle as at the sides, the posterior 
margin almost straight; humeral angles rounded; pronotum with small, 
weak, separated punctures; mesonotum with small punctures, very 
sparse on the disk, smaller and closer at the sides, the lateral parapsidal 
furrows distinct on the posterior half; scutellum and postscutellum with 
small, weak, separated punctures; dorsum of propodeum without an 
enclosed space; dorsum, posterior face and sides of propodeum all 
rounded into one another; dorsum and posterior face with small, close 
but distinct punctures; propleurae, mesopleurae, metapleurae and 
sides of propodeum punctate, the first three with small, weak punctures, 
the latter with somewhat larger, close but distinct punctures; tegulae 
very small, scalelike, apparently glabrous and impunctate. 

Abdomen entirely black, clothed with sparse, pale, glittering pubes- 
cence, except the last three segments with sparse, fuscous pubescence, 
tergites one to four with a distal marginal fringe of pale, glittering 
hairs; first abdominal segment as described above; first tergite with 
small, weak, sparse punctures; second tergite with small, weak, sparse 
punctures throughout, the lateral felt lines one-third the length of 
the tergite and on the anterior half of the tergite; remaining tergites 
with small, weak, sparse punctures; last tergite about twice as broad 
as long; first sternite glabrous, with scattered, small punctures, slightly 
convex, without any trace of a median, longitudinal carina; second 
sternite with sparse, small, distinct punctures; sternites three to six 
with small, weak, sparse punctures, closer towards the distal margin; 
hypopygium about one and one-half times as broad as long, with small, 
distinct, close punctures, the distal margin distinctly emarginate medially. 

Wings subhyaline; venation as in Fig. 1; posterior wings without 
an anal lobe. 

Legs black, clothed with sparse, pale, appressed pubescence, the 
femora with a very sparse fringe of long, pale hairs beneath; intermediate 
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tibiae with two rows of three, short, weak spines, and the distal margin 
with four similar spines; posterior tibiae also weakly spined; calcaria 
pale, 1, 1, 2. 


Holotype, male, Cat. No. 50620 U. S. N. M., Oakley, 
Idaho, July 7, 1927, on S. filipes (Walter Carter). 

This species is undoubtedly a Mutillid wasp on account of 
the absence of an anal lobe in the posterior wing, the presence 
of felt lines on the second abdominal tergite, the simple form of 
the hypopygium, and the two squamae of the genitalia pro- 
truding at the tip of the abdomen as two spines. It differs 
from all Mutillidae known to me by the presence of only one 
calcarium on the intermediate tibiae. the vein m-cu + Ra; + Mi 
(cubital) arising on vein Cu + My, (median) distad of vein M; 
(transverse median) rather than proximad of M3, the absence 
of antennal tubercles, and the strong development of the 
pronotum, it being almost as long medially as laterally. It 
is thus not closely related to any known genus of Mutillidae. 
The strong constriction between the first and second abdominal 
segments is similar to the condition found in Stenomutilla and 
Rhopalomutilla but it differs from those with respect to the 
characters mentioned above. The weak puncturation of the 
body, together with punctured propodeum and the unusual 
characters mentioned above will facilitate the recognition of 
this species. 


COMPARATIVE PSYCHOLOGY, A COMPREHENSIVE TREATISE. 
VERTEBRATES. By Cart J. WARDEN, THoMAS N. JENKINS AND LUCIEN 
H. WARNER. Pages i-x and 1-560, 80 text figures. Published by the Ronald 
Press Company, 15 East 26th Street, New York, N. Y. Price, $4.50. 

This is one of a three volume treatise on comparative psychology by the 
above authors. The first volume, ‘‘Principles and Methods,’’ we have. recom- 
mended to all students of the behavior of insects (Annals, Vol. 28, p. 513, Dec., 
1935). The second volume, ‘‘Plants and Invertebrates,’’ is yet in preparation. 
The present volume covers vertebrate behavior, except that of Homo sapiens. 
We will run a notice of the second volume when it appears, as it will probably 
be of as much interest to experimental entomologists as is the first volume on 
principles and methods. 

We call attention to this as the final volume of the series as it completes the 
set and in its own field of vertebrate behavior is an excellent work from a strictly 
scientific point of view. To the present writer the parts on the rather simple 
behavior of fishes is interesting as showing the elements of vertebrate behavior 
while that on the near-human behavior of the primates is particularly interesting 
and instructive. Perhaps after reading it we can bring our reactions to students 
into a better pattern.—C. H. K. 





NEW CENTRAL AMERICAN AGROMYZIDAE 


S. W. Frost, 
The Pennsylvania State College, 


Arendtsville, Pa. 


This paper includes the descriptions of Agromyzidae reared 
by the writer as leaf-miners from Barro Colorado Island, 
C. Z., leaf-miners and gall-makers reared by Heinrich Schmidt 
from Costa Rica, species collected by C. H. Curran and August 
Busck in Panama and some taken by the late J. M. Aldrich 
in Guatemala. The following key will aid in separating the 
species: 

KEY TO CENTRAL AMERICAN AGROMYZIDAE 


Wings with a dark brown spot on the anterior margin which extends partly 
across the wing including the cross veins 1. Agromyza kallima 


Wings not pictured 1 
1. Halteres entirely yellow j 2 

Halteres dark brown, at most, a white spot on the knol 11 

2. Calypteres and fringe white or pale yellow 3 

Calypteres pale, fringe dark brown 8 

3. Four pairs of dorsocentral bristles 4 

Two pairs of dorsocentral bristles 5 

4. Antennae entirely yellow 2. Agromyza barrocoloradensis 


Antennae with at least the third segment black, 
Agromyza xanthophora Schiner 


5. Mesonotum black or slightly pruinose 6 
Mesonotum with greenish tinge 7 

6. Cheeks distinctly narrowed behind, front including orbits narrower than 
either eye, mid tibial bristles absent 3. Agromyza centrosemae 

Cheeks as high behind as in front, front including orbits as broad as either 
eye, mid tibial bristles present 4. Agromyza schmidti 

7. Abdomen without yellow incisures, mesonotum and scutellum with distinct 
greenish sheen. . és : 5. Agromyza iridescens 

Abdomen with yellow incisures, mesonotum and scutellum with only a 
trace of greenish sheen..... 6. Agromyza currani 


8. Front, face and cheeks yellow, two pairs dorsocentrals, 
7. Agromyza cassiae 
Front, face and cheeks black, two or more pairs of dorsocentrals a 
9. Only two pairs of dorsocentrals, vibrissae fasciculate. .. , ccc oO 
Five pairs of dorsocentrals, vibrissae not fasciculate, 
8. Agromyza dorsocentralis 
10. Small species, ocellar triangle not reaching the frontal lunule, a prominent 


tubercle between the base of the antennae...... 9. Agromyza oralis 
Larger species, ocellar triangle reaching to the frontal lunule, no tubercle 

between the base of the antennae 10. Agromyza curvibrissata 

11. Halteres entirely dark brown , : 12 


Halteres brown with a white spot on the outer angle of the knob, 
11. Agromyza punctohalterata 


12. Calypteres and fringe white Saami 13 
Calypteres and fringe brown 16 
13. Mid tibia with no more than one pair of bristles 14 
Mid tibia with two or three strong bristles............... tee, . 15 
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14. Front not narrowed below, veins 3 and 4 diverging, abdomen black, 
15. Agromyza buskei 
Front narrowed below, veins 3 and 4 parallel, abdomen green, 
16. Agromyza approximata 
15. Two pairs of mid tibial bristles, mesonotum and abdomen with greenish 


sheen aed .... Agromyza caerulea Mall. 
Three pairs of mid tibial bristles, mesonotum and abdomen black, 
12. Agromyza tibialis 
16. Mid tibia without posterior bristles 13. Agromyza crotonis 
Mid tibia with posterior bristles 17 
17. Arista long, distinctly pubescent, no posterior bristle on anterior tibia, 


Agromyza longiseta Mall. 
Arista shorter, microscopically pubescent, a posterior bristle on anterior 


tibia 1S 
18. Mid tibial bristles strong, —_ il hairs abundant....14. Agromyza orbitalis 
Mid tibial bristles weak, orbital hairs normal.......Argomyza minima Mall. 


1. Agromyza kallima n. sp. 


Male.—Length, + to 5 mm. Front, face, cheeks, palpi, antennae, 
mesonotum, scutellum, legs dark brown. Front including the orbits 
about as wide as either eye; sides slightly converging below, orbits and 
ocellar triangle opaque dark brown concolorous with the front, small 
areas at the base of the fronto-orbital bristles shiny black; ocellar 
triangle small limited to the portion including the ocelli; frontal lunule 
large pilose; base of antennae separated by a low ridge; cheeks narrow, 
less than one-eighth the eye height; one pair of strong oral vibrissae, 
setae along the lower edge of the cheeks comparatively strong; four 
pairs of strong fronto-orbital bristles of equal size, the three lower 
bristles equally spaced, the upper bristle more widely separated; orbital 
hairs minute and sparse occurring only on the lower portion of the 
orbits; several small but distinct setae between the ocelli; occiput 
shiny black with at least two rows of conspicuous bristles on the upper 
outer angle, all pointing upward except three setae in line with the 
outer verticle bristle; palpi club-shaped, setae black; proboscis and 
setae pale brown; antennae entirely pale brown, second segment with 
distinct dorsal bristle, setae along the distal edge small but distinct, 
third segment slightly longer than broad, rounded at the tip and beset 
with distinct grey pile, arista at least three and a half times the length 
of the third antennal segment, paler in color than the third segment, 
distinctly pubescent. 

Mesonotum and scutellum shiny black, only faintly pruinose; 
four pairs of strong dorsocentral bristles, a pair of strong bristles between 
the posterior pair of dorsocentrals, about ten rows of acrostichals 
between the dorsocentrals reaching to the _— pair of dorso- 
centrals; nine rows of short bristles outside the dorsocentrals reaching 
to the intraalars; intraalar bristles strong, presutural bristles strong; 
two bristles at the base and in front of the supraalar which are dis- 
tinctly stronger than the acrostichals; pleurae dark brown subshiny, 
sutures narrowly yellow, the yellow continuing on the base of the wing, 
the base of costa and the first vein to and partially including the humeral 
cross vein; one strong propleural bristle, one strong mesopleural bristle 
accompanied by a number of smaller setae, one strong sternopleural 
with two or three smaller setae. 
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Abdomen shiny black, first segment with only distal rows of setae, 
remainder of the abdomen with numerous prominent black setae, 
genitalia hairy on sides and below but not above. 

Legs subshiny dark brown, middle tibia with a distinct pair of 
posterior bristles. 

Wings pictured; a large brown spot includes most of the area be- 
tween the costa and vein one beyond the humeral cross vein and 
between the costa and the second vein, this colored area crosses a 
narrow part of the wing including the anterior and posterior cross veins, 
the costa extends to the fourth vein but thins out considerably between 
the third and fourth veins, the auxillary vein, becomes weak at the 
distal end but ends independently in the wing margin, the anterior 
cross vein is distinctly beyond the middle of the discal cell, the 
posterior cross vein is three times the length of the anterior cross vein 
and less than its length from the anterior cross vein, the last section of 
the fifth vein is about two-thirds the length of the penultimate section, 
second and third veins diverge slightly at their tips, the third and 
fourth veins are parallel at their tips, halteres pale yellow, calypteres 
pale yellow, the edge and fringe dark brown. 


Holotype, male, February 15, 1929, Barro Colorado Island, 


C. z2., ©. BH. Curran. 


2. Agromyza barrocoloradensis n. sp. 


Male.—Length, 1.5 mm. Front, face, cheeks, antennae, proboscis, 
and palpi entirely yellow, thorax, abdomen and legs largely yellow. 
Front, including the orbits, scarcely as wide as either eye, sides parallel; 
orbits vellow not separable from the front; cheeks less than one-third 
eye height, slightly narrower in front than behind, yellow of cheeks 
extending back of eye in a narrow line uniting with the yellow of the 
orbits; ocellar triangle dark brown separated from the dark color of 
the occiput by a narrow yellow line: occiput dark brown or black, a 
row of small setae along the upper outer margin of the occiput extending 
to the lower edge of the cheeks, a second short row at the vertex; four 
pairs of fronto-orbital bristles, the upper three equally spaced in their 
row, the lower more closely approximated; oral hairs inconspicuous 
and sparse scarcely three or four on each orbit; antennae entirely pale 
yellow, third segment about as long as broad, rounded at the tip and 
with microscopic white pubescence; arista brown, about four times as 
long as the third antennal segment, microscopically but distinctly 
pubescent; palpi-and setae pale yellow; a single pair of oral vibrissae 
considerably larger than the accompanying setae along the lower margin 
of the cheeks. 

Mesonotum, scutellum and pleurae largely yellow; mesonotum with 
subshiny brown markings somewhat as in Agromyza borealis Mall., a 
large quadrate yellow spot on the mesonotum in front of the scutellum, 
two brown bands on the sides including this spot; pleurae yellow except 
a brown triangular spot on the sternopleura, a similar spot on the 
pteropleura and a brownish spot at the base of the halteres; scutellum 
entirely yellow in the center darkened only by a small spot on each side; 
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four pairs of dorsocentral bristles, the first two pairs scarcely dis- 
cernible from the acrostichals, succeeding pairs becoming stronger, 
fourth pair very strong, four or five distinct rows of acrostichals be- 
tween the dorsocentrals thinning to two rows on the yellow quadrate 
spot and reaching to the posterior pair of dorsocentrals, a few extra 
setae on the anterior part of the mesonotum and an occasional seta in 
line with the dorsocentrals; two distinct rows of small setae outside the 
dorsocentrals scarcely reaching to the intraalar bristle; pair of setae 
in front of the supraalar bristle distinct; presutural bristles strong, 
intraalar bristle not as strong; one strong propleural, one strong meso- 
pleural with numerous smaller setae, one strong sternopleural with 
numerous small accompanying setae and a distinct row of setae along 
the lower posterior edge of the sternopleura; postnotum shiny brown. 

Abdomen entirely yellow including the genitalia, lst segment with 
only minute setae, remaining segments with conspicuous setae, those 
on distal edge longer. 

Legs yellow, tarsi fuscous two distinct posterior bristles on mid 
tibia. 

Wings hyaline, rounded at tip, veins brown, basal portion of first 
vein yellow to the humeral cross vein, costa reaching to the fourth vein, 
auxillary vein weak but ending separately from vein one in the wing 
margin, veins two and three diverging conspicuously at their tips, 
veins three and four diverging at their tips, anterior cross vein dis- 
tinctly beyond the middle of the discal cell, posterior cross vein about 
its length from the anterior cross vein, sections 2, 3 and 4 of costa as 
214-1-1, veins three and four curving slightly into the wing margin, 
second and third sections of the fifth vein as 1-1; halteres pale yellow; 
calypteres and fringe yellow, edge of calypteres brown. 

Female.—Similar to the male but the ovipositor is shiny black and 
the abdominal segments are fuscous above. 


Holotype, male, March 24, 1929, Barro Colorado Island, 
C. Z., reared as a leaf-miner on an undetermined plant. Seven 
paratypes, February 6 to April 1 also from Barro Colorado 
Island. 

This species runs close to A. borealis Mall. but differs in 
having a pair of posterior bristles on the mid tibia and in other 
characters. 


3. Agromyza centrosemae n. sp. 


Male.—1 to 1.4 mm. Front, face, cheeks, antennae, palpi, meso- 
notum, scutellum, abdomen and legs dark brown or black. Front, 
including orbits, distinctly narrower than the width of either eye, 
sides slightly converging below, front, orbits, and ocellar triangle 
concolorous dark brown slightly pruinose; four distinct pairs of fronto- 
orbital bristles, the upper three equally spaced in their row, the lower 
bristle more closely approximated, orbital hairs minute, upturned, 


scarcely visible, limited to the area of the three upper fronto-orbitals 


(condition of frontal lunule uncertain as the head is not fully 
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developed); occiput shiny black with a distinct row of downward 
pointing setae starting at the outer verticle bristle and extending to 
the lower margin of the cheeks, one or two additional rows of up- 
turned setae at the vertex; cheeks less than one-fourth the eye height, 
distinctly narrowed behind; one pair of strong oral vibrissae, accom- 
panying setae along the lower edge of the cheek distinctly weaker; 
palpi dark brown, somewhat flattened with two black setae at the tip 
and otherwise quite bare; proboscis and hairs pale brown; antennae 
entirely dark brown, third segment slightly longer than broad, arista 
long and slender almost bare, at most microscopically pubescent, two 
and a half times as long as the third antennal segment. 

Mesonotum and scutellum black, rather heavily pruinose; two 
pairs of strong dorsocentral bristles, presutural bristles strong, one 
strong intraalar, the pair of bristles between the posterior pair of 
dorsocentrals not distinctly strong; eight rows of acrostichals between 
the dorsocentrals, extending at least to the posterior pair of dorso- 
centrals, six rows of short bristles outside the dorsocentrals extending 
to the intraalar bristles; a pair of small bristles in front of the supraalar 
bristle conspicuously larger than the acrostichals; pleurae black lightly 
pruinose, base of wing and sutures narrowly pale brown; one strong 
propleural, one strong mesopleural with three or four smaller setae, 
one sternopleural with three smaller setae. 

Abdomen dark brown, setae black not especially strong, basal 
segment with setae only on distal half. 

Legs entirely dark brown, no distinct bristles. 

Wings clear, costa reaching to fourth vein, auxillary vein coalescing 
with vein one near its tip, anterior cross vein distinctly before the mid- 
dle of the discal cell, posterior cross vein one and a half times its length 
from the anterior cross vein, sections of fifth vein as 1-34, halteres 
including the stalk, pale yellow, calypteres and fringe dirty white. 


Holotype, male, Balboa, C. Z., February 2, 1929, reared 
by the writer as a leaf-miner on Centrosema pubescens Benth. 


4. Agromyza schmidti n. sp. 


Male.—Length, 2 to 2.5 mm. Front, face, cheeks, antennae, 
palpi, mesonotum, scutellum, pleurae, abdomen and legs largely dark 
brown or black. Front including orbits almost as wide as either eye, 
concolorous black faintly pruinose, ocellar triangle small scarcely 
reaching one-fourth the way to the frontal lunule, hardly discernible 
from the front; four pairs of strong fronto-orbital bristles, the three 
upper bristles equally spaced in their row, the lower bristle approxi- 
mated and pointing inwards; orbital hairs conspicuous, upturned, 
extending below lower fronto-orbital and above upper fronto-orbital; 
frontal lunule large conspicuous, reaching almost one quarter the way 
to the vertex, slightly pruinose; a row of minute setae on upper edge 
of frontal lunule, occiput shiny black with one conspicuous row of 
setae starting at the outer verticle and extending down the outer mar- 
gin, a second abbreviated row below this at the vertex; cheeks less than 
one-fourth the eye height, as broad in front as behind; one pair of 
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oral vibrissae, distinctly larger than accompanying setae along the 
lower edge of the cheeks, one or two setae above the vibrissae on the 
front edge of the cheek; palpi dark brown slightly thickened at the 
tip with a few black setae at the tip the remaining setae small; face 
dark brown, antennal grooves shallow, a weak ridge between the base 
of the antennae; antennae entirely dark brown, second segment with 
strong dorsal bristle, apical setae conspicuous, third segment, slightly 
longer than wide, beset with sparse grey pile, arista two and a quarter 
times the length of the third antennal segment, slender, nearly bare. 

Mesonotum and scutellum subshiny black only slightly pruinose; 
two pairs of strong dorsocentral bristles, a pair of bristles between 
the posterior pair, (these prominent in one of the paratypes), eight to 
ten rows of acrostichals extending to the posterior pair of dorsocentrals, 
five or six rows of short bristles outside the dorsocentrals reaching to 
the intraalar bristle which is not strong; presutural bristles strong, a 
pair of bristles in front and above the base of the supraalar which are 
distinctly larger than the acrostichals; pleurae subshiny black, base of 
wing and sutures only very narrowly pale brown; one strong propleural, 
one strong mesopleural with two accompanying setae of considerable 
size and numerous smaller hairs, one strong sternopleural with two 
additional setae of considerable size. 

Abdomen subshiny dark brown, basal segment without setae, 
remaining segments with numerous small setae, the setae along the 
distal edges distinctly larger; genitalia shiny dark brown, the setae 
small. 

Legs subshiny dark brown, a distinct posterior bristle on the anterior 
tibia and one on the mid tibia. 

Wings clear, costa reaching to the fourth vein, fading at its distal 
end and not ending separately in the wing margin, costa thickened at 
this point, anterior cross vein distinctly before the middle of the discal 
cell, posterior cross vein about one and a half times its length from 
the anterior cross vein, these two veins not parallel, second and third 
veins diverging at their tips, third and fourth veins parallel at their 
tips, last section of the fifth vein about three-quarters the length of 
the penultimate section, halteres pale yellow, calypteres and fringe 
white. 


Holotype, male, La Caja; 8 Kil. San Jose, C. R., Heinrich 
Schmidt. Three paratypes from the same locality, all reared 
by Schmidt from wooly galls on the stems of an unidentified 
plant. 


5. Agromyza iridescens n. sp. 


Male.—Length, 2.5 to 3 mm. General color dark brown or black 
including front, face, cheeks, antennae, palpi. Front including orbits 
about as wide as either eye and one-fourth longer than broad, sides 
parallel, opaque dark brown, the orbits scarcely discernible from the 
front, only faintly shiny; ocellar triangle opaque black small scarcely 
reaching one-fourth the way to the frontal lunule, a few minute setae 
between the ocellar bristles, frontal lunule large lightly pruinose, a 
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distinct but minute row of hairs along the upper margin of the frontal 
lunule also small hairs at the lower margin of the frontal lunule about 
the base of the antennae; cheeks narrow, less than one-eighth the height 
of the head, as wide in front as behind; four pairs of strong fronto-orbital 
bristles situated in the middle of the orbits each bristle arising from a 
shiny spot, upper three bristles equally spaced in their row the lower 
bristle more closely approximated to the one above; orbital hairs minute 
sparse and arranged in a single row reaching from the upper fronto- 
orbital to a point between the lower two orbitals; one pair of strong 
oral vibrissae with smaller setae along the lower side of the cheek, 
these setae extend above the oral vibrissae but are not numerous; 
palpi black with two strong setae at the tip otherwise the hairs are 
inconspicuous; proboscis and setae pale brown; occiput shiny black 
with several rows of distinct setae along the upper outer angle, a short 
row in line with the outer verticle bristles which point downward, 
below this are three or four irregular rows thinning to a single row 
on the lower edge of the cheek, the upper setae point upward and the 
lower setae downward; the antennae are separated at the base by a 
narrow ridge, they are entirely dark brown, the second segment has a 
distinct dorsal bristle and numerous small black setae on the inside, the 
third segment is longer than broad and beset with distinct grey pile; 
arista about three times the length of the third antennal segment, 
thickened on the basal fourth and distinctly pubescent, the pubescence 
as long as the diameter of the arista at the base. 

Mesonotum and scutellum subshiny black with a slight greenish 
sheen; two pairs of dorsocentral bristles, a prominent pair of bristles 
between the posterior pair of dorsocentrals, presutural bristles strong, 
a second seta standing posterior to the presutural which is distinctly 
stronger than the acrostichals; one strong intraalar, a distinct pair of 
setae anterior to this bristle; acrostichals numerous arranged in about 
ten regular rows extending to the posterior pair of dorsocentrals, about 
nine rows of hairs outside the dorsocentrals extending to the intraalar, 
acrostichals also present in the rows with the dorsocentrals. Pleurae 
opaque black sutures and base of wing narrowly pale brown, one strong 
propleural, one strong mesopleural with at least two smaller bristles 
and other smaller hairs, sternopleura with two strong bristles and with 
numerous silky hairs on the lower anterior edge. 

Legs entirely dark brown, subshiny, middle tibia with a distinct 
pair of posterior bristles. 

Abdomen shiny green, setae black, basal segment with short 
setae only on distal half, remaining segments with setae numerous 
and distinctly stronger along the distal edge, genitalia opaque black 
with setae minute. 

Wings hyaline, costa reaching to the fourth vein, auxillary uniting 
with vein one and terminating in wing margin with this vein, costa 
thickened at this point, third and fourth sections of costa about equal, 
last section of fifth vein about three quarters as long as the penultimate 
section, anterior cross vein distinctly before the center of the discal 
cell, posterior cross vein about one and a half times its length from the 
anterior cross vein and at least twice as long as the anterior cross 
vein, halteres pale yellow, calypteres and fringe white or pale yellow. 
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Female, similar to the male, genitalia shiny black with fine setae 
only at tip and along sides. 


Holotype, male, February 16, 1929, Barro Colorado Island, 
C. Z., C. H. Curran; 1 Paratype, female, January 16, 1929, 
same locality and collector. 

This species runs to Agromyza viridula Coq. (Mall. 1913) 
but differs in having the front and orbits both opaque and the 
arista more distinctly pubescent. 


6. Agromyza currani n. sp. 


Female—Length, 2.5 to 3 mm. Front, face, cheeks, antennae, 
palpi, mesonotum, scutellum, abdomen and legs largely dark brown 
or black. Front including orbits, about as wide as either eye, scarcely 
longer than broad with sides nearly parallel, opaque dark brown, orbits 
not differentiated; ocellar triangle small shiny black including no more 
than the ocelli; frontal lunule rather large and deep slightly pruinose, 
a row of minute black hairs along the upper edge, one small hair on 
lower frontal lunule at base of each antenna, antennae separated at 
base, face slightly pruinose antennal grooves shallow, cheeks very 
narrow, less than one-sixth the eye height, as broad in front as behind; 
one pair of strong oral vibrissae much stronger than accompanying 
setae along the lower edge of the cheeks, at least two small setae above 
the oral vibrissae on the anterior part of the cheeks; four pairs of 
fronto-orbital bristles, the upper three strong and equally spaced, the 
lower pair distinctly weaker, inward pointing and more closely approxi- 
mated to the pair above; orbital hairs minute but conspicuous, a single 
row from the upper to slightly below the lower fronto-orbital, a few 
minute setae between the ocelli; occiput subshiny black, a distinct 
row of setae in line with the outer verticle bristle extending down the 
edge of the occiput, one or two irregular rows of setae posterior to this 
at the vertex of the occiput w hich point upward; palpi black, a pair 
of distinct setae at the tip, proboscis and setae pale brown; antennae 
entirely dark brown, second segment with a distinct dorsal bristle, 
setae along distal edge numerous, third segment slightly longer than 
wide arista distinctly thickened on the basal fifth, distinctly plumose, 
the plumosity twice as long as the basal diameter of the arista. 

Mesonotum and scutellum black, distinctly pollinose; two pairs of 
strong dorsocentral bristles, a pair of strong bristles between the 
posterior pair; eight to ten rows of acrostichals reaching to the posterior 
pair of dorsocentrals in the middle, but none in the row between the 
first and second dorsocentral; presutural bristle strong, about nine rows 
of short bristles outside the dorsocentrals extending to the intraalar 
bristle and the posterior dorsocentral, three prominent setae at the 
base and anterior to the supraalar bristle which are distinctly stronger 
than the acrostichals, intraalar bristle strong; pleurae black strongly 
pollinose; base of wings and sutures rather broadly pale yellow, one 
strong mesopleural bristle with two setae of considerable size and 
numerous smaller setae, sternopleura with one strong bristle and a row 
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of five or six weaker bristles along the upper edge also a row near the 
front edge. 

Abdomen opaque dark brown, basal segment with only a few minute 
setae on the sides, remaining segments with numerous setae, those along 
the distal edge much stronger, incisures rather broadly yellow, genitalia 
subshiny brown, the setae minute. 

Legs subshiny dark brown, anterior tibia with a posterior bristle, 
middle tibia with a distinct pair of posterior bristles. 

Wings clear, costa reaching to the fourth vein, auxillary vein ending 
with vein one in the wing margin, the costa thickened at this point, 
posterior cross vein two and a half times the length of the anterior 
cross vein, anterior cross vein distinctly before the middle of the discal 
cell, the two cross veins not parallel, the last section of the fifth vein 
scarcely one-half as long as the penultimate section, veins two and three 
diverging slightly at their tips, veins three and four parallel at their 
tips, Cu reaching almost to the wing margin, halteres pale yellow, 
calypteres and fringe white. 


Holotype, female, February 19, 1929, Barro Colorado 
Island, C. Z., C. H. Curran. One paratype, male, January 4, 
1929, same locality and collector. 

Male similar to the female but genitalia subshiny brown. 

The species runs close to Agromyza parvicornis but differs 
in the front and orbits being concolorous and strongly pruinose. 


7. Agromyza cassiae n. sp. 


Female.—Length, 2.5 to 3 mm. Largely black except front, face 
cheeks, pleural sutures and halteres. Front including orbits, distinctly 
narrower than either eye, longer than broad, sides parallel; orbits 
darkened on the upper portions, otherwise concolorous with front; 
ocellar triangle shiny black continuous with the occiput; cheeks less 
than one-fourth the eye height, distinctly narrowed in front; face 
entirely yellow; four pairs of fronto-orbital bristles, the upper three 
bristles of equal size, equally spaced, the lower bristle smaller, more 
closely approximated; oral hairs present but minute and _ sparse, 
upturned; one pair of oral vibrissae, accompanying setae along lower 
margin of cheeks distinctly smaller; antennae entirely black, the second 
segment at most dark brown, dorsal bristle strong, third segment as 
broad as long, rounded arista long slender about three and a half times 
as long as the ‘third antennal segment, microscopically pubescent, 
occiput with only one distinct row of setae along outer margin, these 
upturned; at most one or two setae in row with outer verticle bristle 
pointing downward. 

Mesonotum and scutellum shiny black, very lightly pruinose; two 
pairs of dorsocentral bristles of equal strength five or six rows of 
acrostichals between the dorsocentrals extending to the posterior pair 
of dorsocentrals, few bristles in the rows between the first and second 
dorsocentrals; six or seven rows of short bristles outside the dorso- 
centrals extending to the intraalar bristles: presutural bristle strong, 
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intraalar bristle weak; pair of bristles in front of the supraalars scarcely 
stronger than the acrostichals; pleurae subshiny black, base of wing, 
sutures narrowly and first vein to the humeral cross vein pale yellow; 
propleural bristle strong, one strong mesopleural bristle with several 
smaller setae accompanying, one strong sternopleural bristle with 
numerous smaller ones. 

Abdomen dark brown, shiny, setae not strong, last incisure nar- 
rowly yellow, ovipositor shiny black. 

Legs shiny black, anterior knees narrowly yellow, tibia dark brown, 
middle tibia with a small but distinct pair of bristles. 

Wings clear, costa reaching to the fourth vein, auxillary vein fading 
at the tip but ending independently from vein one in the wing margin, 
discal cell short, anterior cross vein slightly beyond the middle of the 
discal cell, posterior cross vein scarcely more than its length from the 
anterior cross vein, distal section of the fifth vein nearly twice as long 
as the penultimate section, second and third veins diverging distinctly 
at their tips, third and fourth veins diverging only slightly at their 
tips, halteres yellow, calypteres pale, edge and fringe dark brown. 

Male similar to the female but orbits darkened only slightly on 
their upper outer angles, last incisure of the abdomen not yellow and 
genitalia dark brown with minute setae. 


Holotype, female, April 21, Barro Colorado Island, C. Z., 
seventeen paratypes February 8 to April 11, 1929, Barro 
Colorado Island, all reared by the writer as miners on the 
leaves of Cassia bacillaris L. Four specimens were reared 
from the leaves of Malvastrum coromandelianum L. Garcke, 
February 2, Ancon, C. Z., by the writer and two specimens 
were reared by Heinrich Schmidt from the leaves of Sauvia 
sp. La Caja 8 Kil. San Jose C. R. 

It runs close to the West Indian species allecta Mel. but 
differs in having a pair of posterior bristles on the mid tibia 
and the pleurae are not so broadly yellow. The mine of 
Agromyza cassiae is figured in Sci. Monthly 30, 1930. 


S. Agromyza dorsocentralis n. sp. 


Male.—Length, 3.5 to 4 mm. Front, face cheeks, palpi and legs 
largely black, other parts brown or with considerable yellow. Front 
including orbits, about as wide as either eye, only slightly longer than 
broad, concolorous black distinctly pruinose; ocellar triangle small, not 
discernible from the front; frontal lunule deep but short, white pollinose, 
face and cheeks colored as the front, the latter scarcely one-sixth the 
eye height, as broad in front as behind; oral vibrissae strong, accompany- 
ing setae along the lower edge of the cheeks distinctly shorter, one or 
two minute hairs above oral vibrissae which point downward; four 
strong fronto-orbitals, the lower three equally spaced, the upper bristle 
more widely separated; oral hairs minute but distinct, arranged in a 
single row extending below the lower fronto-orbital but scarcely reaching 
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the upper fronto-orbital; a few short setae between the ocelli; a distinct 
row of downward pointing bristles on the occiput in line with the 
outer verticle bristle, a second row below this starting at the same point, 
upturned, reaching only half way to the base of the head; palpi black 
tipped with brown, setae not strong, proboscis and setae pale yellow; 
antennae entirely brown, second segment with a strong dorsal bristle, 
setae along the edge of the segment small and inconspicuous, third 
segment slightly longer than broad, rounded at the tip and distinctly 
greyish pilose, arista three times the length of the third antennal 
segment microscopically pubescent, slightly and gradually thickened 
on the base. 

Mesonotum largely subshiny black, a large yellow quadrate spot 
in front of the scutellum and yellow extending across the entire posterior 
margin with two finger-like prolongations of the black color on each 
side of the quadrate spot but not reaching to the posterior margin; 
five pairs of dorsocentral bristles, the anterior two pairs smaller but 
distinctly discernible from the acrostichals, presutural bristles strong, 
intraalars weaker; seven or eight rows of acrostichals reaching almost 
to the posterior pair of dorsocentrals becoming more sparse however 
on the yellow quadrate spot, about five rows of small bristles outside 
the dorsocentrals reaching to the intraalar bristle; a pair of short bristles 
anterior to the supraalar bristle distinctly stronger than the acrostichals, 
scutellum entirely yellow in the center, darkened on the sides at the 
base, pleurae subshiny black below, sutures very broadly yellow, the 
yellow extending upon the anterior and posterior humeral callosities, 
the anterior humeral callosity with a brownish spot; upper posterior 
angle of the mesonotum entirely yellow, with a strong bristle and num- 
erous smaller setae; sternopleura with only the upper edge narrowly 
yellow, a strong bristle with several other setae of considerable size, 
the upper part of the pteropleura with a brownish spot, yellow extending 
on the costa and the first vein to the humeral cross vein. 

Abdomen yellow with three more or less distinct brown longitudinal 
bands, the bands are composed of three spots on the base of each 
segment, setae numerous, those on distal edges of the segments stronger, 
genitalia subshiny dark brown, setae small. 

Legs subshiny black, anterior knees narrowly yellow, mid tibia 
with a posterior bristle. 

Wings slightly infumed, costa extending to the fourth vein, auxillary 
vein terminating close to vein one but ending separately in the wing 
margin, the costa not distinctly thickened at this point; anterior cross 
vein distinctly before the middle of the discal cell, the posterior cross 
vein about one and. a fourth times its length from the anterior cross 
vein and nearly four times the length of the anterior cross vein, posterior 
cross vein bent slightly, last section of the fifth vein about three quarters 
the length of the penultimate section, veins two and three diverging 
slightly at their tips, veins three and four parallel at their tips, Cu 
reaching hardly three-fourths the way to the wing margin, halteres 
pale yellow, calypteres yellow, margin and fringe dark brown. 


Holotype, male, January 15, 1929, Patilla Pt. C. Z., C. H. 
Curran. 
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9. Agromyza oralis n. sp. 


Male.—Length, 1 to 2mm. Front, face, cheeks, antennae, palpi, 
mesonotum, scutellum, pleurae, abdomen, legs, halteres and calypteres 
dark brown or black. Front including the orbits about as wide as 
either eye, sides slightly converging below; orbits opaque black con- 
colorous with front; ocellar triangle scarcely separable from the front 
reaching not more than half way to the frontal lunule; a distinct bulbous 
swelling between the base of the antennae; anterior margin of the 
cheeks produced slightly, terminated by a curved fascicula of moderate 
size, cheeks considerably narrowed behind; four pairs of moderate 
fronto-orbital bristles, equally spaced; oral hairs conspicuous but 
sparse, scarcely two hairs between adjacent orbital bristles, numerous 
minute hairs between the ocelli; a single row of bristles along the outer 
edge of the occiput scarcely reaching higher than the outer vertical 
bristle; palpi and setae black; antennae entirely dark brown, second 
joint with a prominent dorsal bristle, setae on distal edge of the segment 
minute, third segment about as long as broad rounded at tip and covered 
with sparse brown pile, arista slender, scarcely two and a half times as 
long as the third antennal joint, almost bare, only slightly thickened 
at the base. 

Mesonotum and scutellum subshiny black, only lightly pollinose, 
two pairs of dorsocentral bristles, the posterior pair only slightly longer 
than the anterior pair, about eight rows of acrostichals reaching only 
to the anterior pair of dorsocentrals, seven rows of small bristles out- 
side the dorsocentrals reaching about to the intraalar bristle which is 
weak; presutural bristle strong; pleurae subshiny black, sutures scarcely 
paler; one strong propleural bristle, one strong mesopleural with ac- 
companying setae, one strong sternopleural bristle. 

Abdomen shiny black with black setae, genitalia with weaker hairs. 

Legs shiny black, mid tibia with a posterior bristle. 

Wings clear, costa reaching to the fourth vein, auxillary vein fading 
at the distal end but ending in wing margin separate from vein one, 
costa not thickened at this point, second and third veins diverging 
slightly at their tips, third and fourth veins parallel at their tips, 
anterior cross vein distinctly beyond the middle of the discal cell, 
about two times the length of the posterior cross vein, posterior cross 
vein scarcely its length from the anterior cross vein, the last section of 
the fifth vein nearly equal in length to the penultimate section, halteres 
dark brown, calypteres grey, edge and fringe dark brown. 

Holotype, male, El Salto Antiqua, Guatemala, J. M. 
Aldrich. This species runs close to punctohalterata but the 
halteres are entirely brown and the last two sections of the 
fifth vein are neatly equal. 


10. Agromyza curvibrissata n. sp. 


Male.—Length, 3.5 to4 mm. Front, face, cheeks, antennae, palpi, 
mesonotum, scutellum, abdomen and legs, dark brown or black. Front 
including orbits as wide as either eye, slightly longer than wide, sides 
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converging gently below; orbits and front concolorous subshiny black; 
ocellar triangle shiny black, long and narrow reaching to the frontal 
lunule; frontal lunule deep but short, subshiny black; a faint ridge 
between the bases of the antennae; cheeks less than one-fourth eye 
height in front, distinctly narrowed behind; vibrissae very strong and 
curved, accompanying setae along the lower margin of the cheeks short 
and fine, face produced slightly at oral margin; four pairs of strong 
fronto-orbital bristles about equally spaced, oral hairs conspicuous but 
sparse arranged in a single row, extending above upper bristle and 
below lower bristle; a few conspicuous downward pointing setae between 
the ocelli; occiput with a conspicuous row of setae in line with the outer 
vertical bristle extending down the outer edge of the head onto the 
cheeks, a second abbreviated row at the vertex upward pointing but 
not reaching as high as the inner vertical; palpi black, setae not con- 
spicuous; proboscis and setae brown; antennae entirely dark brown 
almost black, second segment with strong dorsal bristle, numerous 
black distal setae, third segment as long as broad, rounded at the tip, 
tipped with distinct grey pile, arista long, slender, almost bare, subshiny, 
four times the length of the third antennal segment, base only slightly 
swollen this portion distinctly shiny. 

Mesonotum and scutellum subshiny black, only very slightly dusted; 
two pairs of strong dorsocentral bristles; six to eight rows of acrostichals, 
reaching in the center to the posterior pair of dorsocentrals; six or seven 
rows of bristles outside the dorsocentrals reaching to the intraalar 
bristle, two or three bristles at the base and anterior to the supraalar 
distinctly stronger than the acrostichals; intraalar bristle strong; 
pleurae subshiny black, sutures not paler, one strong propleural, one 
strong mesopleural with at least two accompanying setae of considerable 
strength, one strong sternopleural with smaller accompanying setae, 
a distict vertical row of setae on the lower central part of the sterno- 
pleura, base of the wing at most dark brown. 

Abdomen shiny black, setae numerous black, distal setae scarcely 
stronger than the others, genitalia shiny black hairs minute. 

Legs shiny black, mid tibia with a weak posterior bristle. 

Wings clear with a slight brownish tinge, veins dark brown, costa 
reaches to the fourth vein; auxillary vein fading at its tip but reaching 
the margin independently but close to vein one, the costa not thickened 
at this point, vein one thickened before it reaches the wing margin, 
anterior cross vein slightly beyond the middle of the discal cell, posterior 
cross vein about its length from the anterior cross vein and about 
twice as long as the anterior cross vein, second and third veins diverging 
distinctly at their tips, third and fourth veins parallel at their tips, 
last section of the fifth vein about three-fourths the length of the 
penultimate section, Cu reaching about three quarters of the way to 
the wing margin, halteres dark brown, calypteres gray, edge and fringe 
dark brown. 


Holotype, male, May 14, 1926, Alta Vera Paz, Coban 
Guatemala, J. M. Aldrich, 1 paratype, female, same date and 
locality on the same pin with the type. 
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Female, similar to the male except the vibrissae are not as 
strong, the genitalia is shiny black and more hairy. 

The species runs to the group with well marked vibrissae 
especially A. insularis Mall., but the last section of the fifth 
vein is distinctly shorter than the penultimate section. 


11. Agromyza punctohalterata n. sp. 


> 


Female.—Length, 2 to 3mm. _ Front, face, cheeks, palpi, antennae, 
mesonotum, scutellum, pleurae, abdomen, legs, halteres and calypteres 
largely dark brown or black. Front including the orbits, slightly less 
than the width of either eye, sides parallel; orbits scarcely discernible 
from the front, both subshiny black; ocellar triangle slightly more shiny 
and extending at least half the way to the frontal lunule; frontal lunule 
deep but short, very lightly pruinose; a distinct carina between the 
bases of the antennae; cheeks broad in front, narrow behind, some- 
what produced at oral margin terminated by two or three strong 
bristles forming a fascicula; four pairs of fronto-orbital bristles, the lower 
three of equal size and equally spaced, the upper bristle stronger and 
more widely separated; oral hairs sparse but conspicuous, extending 
above and below the range of the fronto-orbitals; occiput with only one 
distinct row of bristles along the outer margin; palpi and setae black, 
proboscis and setae brown; antennae entirely black, the third segment 
about as broad as long, rounded at tip and beset with short brownish 
pile, second segment with strong dorsal spine, hairs along distal edge 
inconspicuous, arista about two and a quarter times as long as the 
third antennal segment, almost bare, gradually and only slightly 
thickened at the base. 

Mesonotum and scutellum shiny black, only slightly pruinose; two 
pairs of dorsocentrals, seven rows of acrostichals between the dorso- 
centrals; extending at least to the posterior pair of dorsocentrals, four 
or five rows of small bristles outside the dorsocentrals; presutural 
bristle strong; intraalar bristle rather weak; pair of bristles at the base 
and in front of the supraalar not distinctly stronger than the acrostichals; 
pleurae shiny black, sutures not paler; mesopleural and sternopleural 
bristles moderately strong. 

Abdomen shiny black, basal segment with only a few setae along the 
distal edge, setae on the remainder of the abdomen abundant and 
conspicuous, ovipositor shiny black and moderately hairy. 

Legs dark brown, almost black, mid tibia with a weak pair of posterior 
bristles. 

Wings faintly tinged with brown, costa reaching to the fourth vein, 
auxillary vein terminating with vein one in the wing margin, costa 
distinctly thickened at this point, anterior cross vein slightly beyond 
the middle of the discal cell, posterior cross vein about two times the 
length of the anterior cross vein and about its own length from that 
vein, the last section of the fifth vein about three-fourths the length of 
the penultimate section, veins two and three, also three and four, 
diverging slightly at their tips, halteres dark brown with a pale yellow 
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spot on the outer angle of the knob, calypteres grey edge and fringe 
dark brown. 


Holotype, female, April 28, 1926, Ingenio R. R. Sta. 
Guatemala, J. M. Aldrich. An extra pair of bristles which are 
almost half as long as the orbital bristles occur on the holotype 
between the ocelli. One paratype from the same locality 
and date. 


12. Agromyza tibialis n. sp. 


Male.—Length, 3 to 4 mm. Front, face, cheeks, palpi, antennae, 
mesonotum, scutellum, pleurae, legs, abdomen and halteres largely 
dark brown or black. Front including the orbits slightly less than the 
width of either eye, sides converging only slightly below, front opaque 
black, orbits when viewed from below slightly shiny otherwise con- 
colorous with the front, tubercles from which fronta-orbital bristles 
arise distinctly shiny, ocellar triangle shiny black extending more than 
half way to the frontal lunule, frontal lunule rather large reaching 
more than one-fourth the way to the vertex, cheeks narrow, scarcely 
one-eighth the height of the eye; a pair of strong oral vibrissae, accom- 
panying setae along the lower margin of the cheek distinctly smaller; 
four pairs of strong fronto-orbital bristles, the lower three equally 
spaced, the upper bristle more widely separated; oral hairs conspicuous 
extending from the upper fronto-orbital to slightly below the lower, 
the lower pair pointing inwards; a few small conspicuous setae between 
the ocelli; a single row of downward pointing bristles on the outer margin 
of the occiput starting at the outer vertical bristle, a small but distinct 
bristle back of the inner vertical bristle standing alone on the vertex; 
palpi and setae black, proboscis and setae pale brown, antennae entirely 
dark brown, second segment with a distinct dorsal bristle, setae on 
distal edge small and inconspicuous, third joint as broad as long, 
rounded at the tip and beset with grey pile, arista three and a half times 
as long as the third antennal segment, paler in color, distinctly plumose, 
the hairs twice as long as the basal diameter of the arista. 

Mesonotum and scutellum shiny black only slightly pruinose; two 
distinct pairs of dorsocentral bristles; nine or ten rows of acrostichals 
extending to the posterior pair of dorsocentals; about nine rows of short 
bristles outside the dorsocentrals reaching to the intraalar bristle, 
presutural bristles strong, intraalar bristles strong, two or three small 
but conspicuous bristles in front of the supraalar, distinctly stronger 
than the acrostichals, no pair of bristles between the posterior pair of 
dorsocentrals, pleurae subshiny black, sutures narrowly and base of 
wing broadly pale brown; one strong propleural bristle, one strong 
mesopleural bristle with two rather strong accompanying setae and 
numerous smaller setae, one strong sternopleural bristle with two 
accompanying setae of almost equal size. 

Abdomen shiny black, setae black, numerous and about six rows 
to each segment, those of the distal edge more conspicuous, genitalia 
slightly less shiny covered with numerous minute setae. 

Legs shiny black, tarsae not paler, anterior tibia with a small posterior 
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bristle, mid tibia with three strong posterior bristles (only two in some of 
the paratypes). 

Wings clear, costa reaching to the fourth vein, the auxillary vein 
terminating with vein one inthe wing margin, the costa distinctly 
swollen at this point, anterior cross vein at about the middle of the 
discal cell, the posterior cross vein one and a half times its length from 
the anterior cross vein and three times the length of the anterior cross 
vein, cross veins not parallel, veins two and three diverging slightly 
at their tips, veins three and four parallel at their tips, the last section 
of the fourth vein makes a gentle curve towards the anterior margin 
of the wing on its basal half, the last section of the fifth vein about 
three-fourths the length of the penultimate section, halteres dark 
brown the stalk paler, calypteres and fringe white. 

Female similar to the male; ovipositor subshiny brown, setae small 
except for a few long ones near the tip. 


Holotype, male, February 14, 1929, Barro Colorado Island, 
C. Z., C. H. Curran, thirteen paratypes as follows: Two from 
Barro Colorado Island, January and February 1929, C. H. 
Curran; 1 Corozal, C. H. Curran; 1 Corozal, Busck; 1 Taboga 
Is. Busck; I Guatemala City, 2 El Salto Antiqua, 1 Antiqua, 
1 Coban Alta Vera Paz, 2 Ingenio R. R. Sta. Guatemala, 
J. M. Aldrich. 


13. Agromyza crotonis n. sp. 


Male.—Length, 1 mm. Front, face, cheeks, antennae, proboscis, 
palpi, mesonotum, scutellum, pleurae, legs, halteres, squamae and 
fringe entirely dark brown or black. Front including orbits about as 
wide as either eye above, but distinctly narrowed below; orbits con- 
colorous with front, black faintly pollinose; cheeks narrow, less than 
one-fourth eye height; front not at all produced at the insertion of the 
antennae; ocellar triangle indistinctly separated from the front, reaching 
at least three-quarters the way to the frontal lunule; one pair of weak 
oral vibrissae, accompanying setae along lower margin of cheeks minute; 
four pairs of weak fronto-orbital bristles, situated close to the eye 
margin, the lower two smaller and more widely separated from the 
upper two; orbital hairs minute or absent; antennae entirely black 
dorsal bristle on second segment small, third segment as long as broad, 
rounded at the tip, microscopically pubescent on the inside; arista about 
four times as long as the third antennal segment, microscopicallv 
pubescent, not thickened on the basal portion. 

Mesonotum and scutellum black, faintly pollinose, two pairs of 
comparatively strong: dorsocentral bristles, the posterior pair slightly 
longer; six to seven rows of acrostichals reaching to a point half way 
between the first and second pairs of dorsocentrals, three or four rows 
of small bristles outside the dorsocentrals; pleurae entirely black with 
no indication of lighter color on the sutures; intraalar bristle compara- 
tively strong, propleural bristle strong, mesopleural and sternopleural 
bristles not strong. 
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Legs entirely dark brown, no distinct bristles. 

Abdomen subshiny dark brown, setae on discal edge of segments 
conspicuous, black. 

Wings clear, proportionately large and with faint smoky color, 
costa reaches to the fourth vein but is considerably thinned between 
the third and fourth veins, auxillary vein terminating with vein one or 
fading at its tips, at least not ending independently in the wing margin, 
second, third and fourth veins subparallel at their tips, anterior cross 
vein distinctly beyond the middle of the discal cell and about two times 
its length from the posterior cross vein, the two cross veins nearly 
parallel, the last section of the fifth vein about half as long as the penul- 
timate section, halteres dark brown, calypteres dark grey, fringe brown. 


Holotype, male, April 9, 1929, Barro Colorado Island, 
C. Z., reared by the writer as a miner on the leaves of Croton 
billbergianus Muell. 

Eighteen paratypes as follows: two reared from Croton 
billbergianus from Barro Colorado Island, sixteen reared from 
Clitoria by Heinrich Schmidt from La Caja, 8 Kil. San Jose, 
C. R. 

The larva makes a linear mine and pupates at the end of 
the mine. On Crotonis, the mine was chiefly on the underside 
and the puparium formed there, on Clitoria the mine was on 
the upperside and the puparium formed on the upper side. 


14. Agromyza orbitalis n. sp. 


Male.—Length, 2 to 3 mm. Front, face, cheeks, antennae, palpi, 
mesonotum, scutellum, pleurae, abdomen, halteres and calypteres 
largely brown or black. Front, including orbits, slightly less than the 
width of either eye, sides converging only slightly below; orbits opaque 
black concolorous with the front; only feebly shiny when viewed from 
below; ocellar triangle slightly shiny extending almost half way to the 
frontal lunule; frontal lunule large extending one-fourth the way to 
the vertex, opaque black slightly pruinose when viewed from above; 
cheeks about one-sixth the eye height, slightly narrowed behind; four 
pairs of moderate fronto-orbital bristles, the lower three equally spaced 
the upper bristle more distant; oral hairs conspicuous and abundant 
especially on the lower part of the orbit extending almost to the upper 
fronto-orbital, thinning to a single row on the upper orbit; one pair of 
oral vibrissae, several setae on front of cheeks above the oral vibrissae; 
a single row of bristles on the outer margin of the occiput continuing 
down the posterior margin of the cheeks; a few minute setae between the 
ocelli; palpi black with numerous black setae; proboscis and hairs 
pale brown; antennae dark brown, second segment with a conspicuous 
dorsal spine and distinct apical hairs, the third segment slightly longer 
than broad, rounded at the tip and beset with grey pile; arista three 
times as long as the third antennal segment, swollen at the base, 
distinctly pubescent, the pubescence at least as long as the basal diameter 
of the arista. 
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Mesonotum and scutellum subshiny black only faintly pruinose; 
two distinct pairs of dorsocentral bristles; seven or eight rows of acrosti- 
chals between the dorsocentrals extending slightly behind the posterior 
pair of dorsocentrals; about seven rows of small bristles outside the 
dorsocentrals extending to the intraalar bristles; presutural bristles 
strong; intraalar bristles strong, the pair of bristles in front and at the 
base of the supraalar scarcely stronger than the acrostichals; pleurae 
opaque black, sutures very narrowly paler; one strong mesopleural 
bristle with several accompanying setae; one strong sternopleural 
bristle with accompanying setae. 

Abdomen subshiny black, basal segment with only two or three 
irregular rows of setae, remaining segments with five or six rows of 
setae, genitalia covered with minute hairs on sides and below. 

Legs shiny dark brown, anterior tibia with a distinct posterior 
bristle beyond the middle, mid tibia with a distinct posterior bristle. 

Wings clear, costa reaching to the fourth vein, auxillary vein termi- 
nating with vein one in the wing margin, costa slightly thickened at 
this point, anterior cross vein distinctly beyond the middle of the 
discal cell, posterior cross vein about its length from the anterior cross 
vein and about two and a half or three times the length of the anterior 
cross vein, the two cross veins parallel, the last section of the fifth vein 
about two-thirds as long as the penultimate section, veins two and three 
diverging at their tips, veins three and four almost parallel at their 
tips, halteres dark brown, calypteres dark grey edge and fringe dark 
brown. 





Holotype, male, January 28, 1929, Barro Colorado Island, 
C. Z., C. H. Curran. 

This species runs close to Agromyza longiseta Mall. but 
differs in the possession of a posterior bristle on the anterior 
tibia, the oral hairs are more numerous and the arista is micro- 
scopically but distinctly pubescent. 


15. Agromyza buskei n. sp. 


Male.—Length, 2 to 2.56 mm. Front, face, cheeks, palpi, antennae, 
mesonotum, scutellum, abdomen, legs and halteres dark brown or 
black. Front, including orbits less than the width of either eye, sides 
converging slightly below; orbits subshiny black concolorous with the 
front; ocellar triangle not prominently marked, extending nearly half 
way to the base of the antennae, frontal lunule large but shallow, sub- 
shiny black in color, a distinct ridge between the base of the antennae, 
face protruding at the oral margin; cheeks scarcely one-eighth as high 
as the eye, very decidedly narrowed behind; four pairs of moderate 
fronto-orbital bristles equally spaced in their rows, orbital hairs con- 
spicuous but sparse, scarcely more than two hairs between two adjacent 
orbital bristles; oral vibrissae strong, accompanying setae along the lower 
edge of the cheeks decidedly weaker; occiput shiny black, two rows of 
weak bristles along the outer edge, the second row much abbreviated; 
a few minute hairs between the ocelli; palpi black, elongate with black 
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setae, proboscis elongated, brown with brown setae; antennae entirely 
dark brown, second segment with a short dorsal bristle, setae along 
distal edge minute; third segment as long as broad, rounded at the tip 
and tipped with sparse grey pile; arista slender not conspicuously 
thickened at the base, hardly more than twice as long as the third seg- 
ment, brown in color, microscopically pubescent. 

Mesonotum and scutellum shiny black only faintly pruinose; two 
pairs of dorsocentral bristles, eight or nine rows of acrostichals reaching 
hardly beyond the anterior pair of dorsocentrals; seven or eight rows 
of small bristles outside the dorsccentrals scarcely reaching to the 
intraalar bristles; intraalar bristles weak; pleurae shiny black, one 
strong propleural bristle, one mesopleural with a smaller seta on each 
side, one sternopleural bristle. 

Abdomen shiny black, setae strong and black about five rows to 
each segment. 

Legs dark brown, subshiny one posterior bristle on mid tibia. 

Wings clear, costa extending to the fourth vein, auxillary vein 
terminating with vein one in the wing margin, costa thickened at this 
point, anterior cross vein slightly beyond the middle of the discal cell, 
posterior cross vein straight about its length from the anterior cross 
vein, veins two and three diverging distinctly at their tips, the last 
section of the fifth vein about two-thirds as long as the penultimate 
section, halteres brown, calypteres and fringe white. 


Holotype, male, Corozal, C. Z. 1911, August Busck. 


16. Agromyza approximata n. sp. 


»~ 


Male.—Length, 3 to 3.6 mm. Front, face, cheeks, palpi, antennae, 
mesonotum, scutellum legs and halteres largely dark brown or black. 
Front, including orbits slightly less than the width of either eye, sides 
parallel; orbits opaque black concolorous with the front; ocellar triangle 
subshiny black extending half way to the base of the antennae, frontal 
lunule large but shallow and subshiny black; antennae separated at 
the base by a weak ridge; face projecting at margin; cheeks less than 
one-fourth the eye height in front and distinctly narrowed behind; 
four pairs of moderate fronto-orbital bristles, the upper three equally 
spaced in their row, the lower bristle more widely separated; oral hairs 
conspicuous extending from the upper fronto-orbital to below the lower 
fronto-orbital where they become more numerous; a few minute setae 
between the ocelli; one or two minute hairs on the upper edge of the 
frontal lunule; one pair of oral vibrissae only slightly stronger than 
accompanying setae along the lower margin of the cheek, one or two 
hairs on the front of the cheeks above the oral vibrissae; palpi black, 
elongate, setae black; antennae entirely dark brown, second segment 
with prominent dorsal bristle, a distinct row of small setae on the distal 
edge of the segment, third segment as long as broad, rounded at the 
tip and somewhat pilose, arista four times as long as the third antennal 
segment, swollen on the basal fifth, almost bare only microscopically 
pubescent; eyes minutely hairy above. 

Mesonotum and scutellum subshiny black lightly pruinose and with 
a slight greenish sheen; two pairs of dorsocentrals, the posterior pair 
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twice as long as the anterior pair, eight or nine rows of acrostichals 
reaching to the posterior pair of dorsocentrals; presutural bristles 
strong, intraalar bristles strong; seven or eight rows of small bristles 
outside the dorsocentrals reaching to the intraalar bristle, pleurae dark 
brown, the sutures only feebly paler; one strong propleural bristle, 
one strong mesopleural bristle with several accompanying setae two 
of which are of considerable size, one sternopleural bristle with two 
smaller accompanying setae. 

Abdomen shiny black with a distinct greenish sheen, setae black, 
genitalia opaque brown. 

Legs dark shiny brown, front and mid tibia each with a single 
posterior bristle. 

Wings clear, costa reaching to the fourth vein, auxillary vein term- 
inating with vein one in the wing margin, costa distinctly swollen at 
this point, veins two and three distinctly diverging at their tips, veins 
three and four parallel at their tips, anterior cross vein slightly beyond 
the middle of the discal cell and about one-third the length of the 
posterior cross vein, the posterior cross vein slightly more than its 
length from the anterior cross vein, discal cell long, the last section of 
the fifth vein only one-third as long as the penultimate section, halteres 
dark brown, calypteres and fringe white. 


Holotype, male, Coban Guatemala Alta Vera Paz, J. M. 
Aldrich. Also one paratype, male, Paraiso, C. Z., 1911, August 
Busck. 

This species runs close to Agromyza caerulea Mall. but 
differs in being smaller, less bristly and not so green in color. 
The arista is almost bare. 


17. Phytomyza centralis n. sp. 


Male.—Length, 1.5 mm. Front, face, cheeks, antennae, palpi, 
mesonotum, scutellum, abdomen and legs largely dark brown or black. 
Front opaque dark brown; orbits narrow shiny brown; front including 
the orbits distinctly wider than either eye; ocellar triangle shiny dark 
brown continuous with the occiput; cheeks nearly half the eye height; 
one pair of slender oral vibrissae distinctly stronger than accompanying 
setae along the lower margin of the cheek, one or two small setae above 
the oral vibrissae; four pairs of fronto-orbital bristles, the upper pair 
scarcely half as long as that pair immediately below; oral hairs sparse 
but conspicuous; palpi black, proboscis dark brown; antennae entirely 
dark brown, second segment with a distinct dorsal seta, apical setae 
minute and inconspicuous, third segment as broad as long, arista 
scarcely more than one and three-fourths the length of the third antennal 
segment, swelling on the base not distinct, the pubescence at least as 
long as the basal diameter of the arista. 

Mesonotum and scutellum subshiny black; four distinct pairs of 
dorsocentral bristles, the anterior pair scarcely half as long as the 
posterior pair; three or four irregular rows of acrostichals scarcely 
reaching to the posterior pair of dorsocentrals, only three or four minute 
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hairs outside the dorsocentrals; presutural bristles strong, supraalar 
bristles strong; pleurae shiny dark brown, the sutures paler but not 
yellow; propleural, mesopleural and sternopleural bristles strong. 

Abdomen shiny dark brown. 

Legs entirely dark brown, knees not at all yellow, no distinct bristles. 

Wings clear slightly pointed at the tip, fourth vein extending 
slightly beyond the tip of the wing, veins two and three diverging slightly 
from base to tip, second, third and fourth sections of costa as 3-1-2, 
fifth section of costa one and a half times as long as the fourth section, 
sixth vein reaching almost to the wing margin, halteres pale yellow, 
calypteres dark grey the fringe dark brown. 


Holotype, male, San Jose C. R., Heinrich Schmidt, ten 
paratypes, all reared from mines on the leaves of Clematis. 

This species runs close to Phytomyza nitida Mel. but differs 
in having the orbits shiny and -having four fronto-orbitals. 

Agromyza longiseta Mall., was collected at El Salto, Guate- 
mela, by J. M. Aldrich and Paraiso, C. Z. by August Busck. 

Cerodonta dorsalis Loew is represented by six specimens 
collected by J. M. Aldrich, Antiqua, Guatemala. 


GENERAL ENTOMOLOGY, by Ropert A. WARDLE, Professor of Zoology, 
University of Manitoba, Winnipeg, Canada. 311 pages. P. Blakiston’s 
Son & Co., Inc., Philadelphia, Pa. Price, $2.25. 

Written for use in survey courses in entomology it may appear to many 
readers that the author has included too much diverse material in a volume 
scarcely half an inch in thickness. Insect morphology, biology and physiology 
seem hard pressed to come within the space allotted with adequate descriptives. 
The last two-thirds of the book deal with the classification of insects and, 
although brief, has many references to monographic works. 

Treatment of the relationship between fossil and modern insects and the 
classification of insects shows the influence of Tillyard. Other authors fre- 
quently quoted include Comstock, Crampton, Bradley, MacGillivray, Needham, 
Frison and Ferris. 

Items of particular interest to the reviewer deal with the chemistry and 
structure of chitin, relation of mathematical laws to growth processes, and a 
comparison of the Comstock-Needham, Lameere and Tillyard systems of wing- 
vein nomenclature. 

Nonety-six line-drawings, seven of which are new, mostly are text figures. 
Good use is made of italics for technical morphological parts and many of these 
key out in the accompanying figures. 

The average student will probably wish to use the larger texts by Comstock, 
Imms, Metcalfe and Flint, and Folsom and Wardle and others in addition to 
this text.—B. J. L. 











——— 





DESCRIPTION OF NINE 





NEW SPECIES OF CULEX, 
SEVEN FROM PANAMA AND TWO FROM VENEZUELA 


(Diptera, Culicidae) 


W.H. W. Komp! 


Gorgas Memorial Laboratory, Panama City, 
Republic of Panama 


No apologies are made for the length of the descriptions of 
the male terminalia given in this paper. The parts are so com- 
plicated, and in many good species are so nearly alike, that only 
by close attention to minute details of structure can specific 
differences be determined. Good figures assist in describing 
species, but because of the difficulties inherent in portraying a 
three-dimensional object in two dimensions, complete verbal 
descriptions are desirable, to indicate the orientation of the 
parts. In the following descriptions the fact that those parts 
which are apparently dorsal are morphologically ventral, and 
vice versa (owing to the torsion of the terminalia through 
180° after emergence of the imago), has been indicated where 
necessary. 

Some methods and apparatus which have been useful may 
be mentioned. Staining in acid fuchsin has assisted in 
determining the number and shape of the filaments of the lobe 
of the sidepiece. In every instance, the parts have been 
dissected, and in most cases mounted in a Cobb mount 
which permits both sides of an object to be viewed under one 
thickness of a coverglass. A good binocular microscope, with 
magnification up to 450 diameters, was used, fitted with eye- 
piece cap diaphragms and substage stop, to increase the 
stereoscopic effect of the binocular microscope. The advan- 
tages of these eyepiece caps and substage stop do not seem 
to be well known to entomologists, but they are of the greatest 
assistance in obtaining a stereoscopic image. 

Undoubtedly a great deal of the difficulty encountered in 
attempting to identify the neotropical Culex is owing to the 
lack of adequate descriptions and large-scale figures of the 
terminalia. Edwards (1) predicted and the writer (2) proved 
that the number of good species had been exaggerated; it is 
hoped that future workers in this genus will not increase the 
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muddle by giving us cursory, inadequate descriptions of sup- 
posedly new species, without figures, or with small-scale, 
indecipherable sketches of the terminalia. To remedy the 
existing situation, a thorough going revision of the entire genus 
as it occurs in the Americas is urgently required. 

The writer has followed Edwards’ (1) classification of the 
genus Culex, which differs somewhat from that of Dyar (3). 
The species placed by Dyar in sections Choeroporpa, Helcoporpa, 
Dinoporpa, Melanoconion, etc., have been regarded by Edwards 
as of one subgenus, Melanoconion. Under the classification 
used by Dyar, the nine species here described would fall into 
the following subgenera and sections: vexillifer n. sp. belongs to 
subgenus Mochlostyrax, section Mochlostyrax; quadrifoliatus 
n. sp., flabellifer n. sp., limacifer, n. sp., elephas n. sp., paracrybda 
n. sp., lucifugus n. sp., and amitis n. sp., all belong to section 
Choeroporpa; and browni n. sp. belongs to section A noedioporpa 
of subgenus Melanoconion. 


Culex (Mochlostyrax) vexillifer, new species 
(Figs. 1-3) 

Female: A small dark unmarked Culex, without abdominal markings. 

Male: Palpi exceeding the proboscis by almost the length of the last 
two segments. Male terminalia: Clasper short, stout, widened at base, 
strongly constricted beyond middle, expanded into a foot-shaped “‘head’”’ 
at tip. Outer surface of head with an oval depression, the internal 
border of which is finely wrinkled, with small triangular lamellae; a 
small seta from a tubercle near external border, and another smaller 
seta on outer side. A minute upturned terminal horn, with subterminal 
flattened appendicle. Sidepiece well rounded outwardly, clothed with 
a few sparse spines and a few long striate scales. Outer division of 
lobe of sidepiece a very slender column, bearing on a slender continuing 
arm a long hook-tipped flattened rod, and a short lanceolate filament. 
Inserted proximal to these are five closely appressed, curved leaves, 
their bases slender, the blades widened, the longest with pointed tip, 
the others with truncate tips. Inner division of the lobe of the side- 
piece divided, with two widely furcate arms, the outer slightly longer 
than the inner; each with a long slender rod, with capitate upturned 
tip, doubly hooked, the internal hook much produced into a long slender 
filament. Tenth sternite slender, straight, with comb-shaped tip, 
with about 12 fine teeth. Tenth tergite membranous, inconspicuous. 
Inner paired plate of mesosome with long stem, and three radiating 
points at tip, the apical short, pointed, the lateral thicker, with some- 
what rounded point, the ventral (apparent dorsal) point long, sharp, 
directed upward and ventrally. A stout conical ventral point about 
one-third distance up from base. Basal hooks long, curved, widened, 
with hooked tips. Lobes of ninth tergite very large, flattened, the tip 
roundedly produced, with many long curved hairs from apex; a small 
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bare angle from posterior border. Base slightly produced, with short 
setae. Tergite with a broad ventral plate with an oval lacuna, as in 
Culex pilosus and several other species of Culex, in all of which it appears 
to be the opening of a tubular duct, whose function is unknown, and 
which has not been noted in any descriptions known to the writer. 

The species is close to alogistus Dyar, but differs in the shape of the 
lobes of the ninth tergite and in the mesosomal plate. 





Culex vexillifer, n. sp. 
Fig. 1, Sidepiece. 2, Lobes of ninth tergite. 3, Inner plate of mesosome. 


Types: 1 female, 2 males, the male terminalia in balsam 
mounts. The material has been deposited in the U. S. National 
Museum, together with balsam mounts of the larval skins. 
Type locality, Barro Colorado Island, Gatun Lake, Panama 
Canal Zone, January 15, 1935. 


Larva: A typical Mochlostyrax, but unique among the known larvae 
of this subgenus in having the scales on the eighth abdominal segment 
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in a patch of about 50, instead of a single row. Head broad, antennae 
long, with tuft at outer three-fourths. Anterior frontal hairs small 
multiple (10-haired) tufts. Outer mid-frontal hair (just posterior to 
antenna) a long six-haired tuft. Middle mid-frontal hair single, long. 
Inner mid-frontal hair double, long, inserted posterior to and in line 
with middle mid-frontal hair. Inner and outer occipital hairs minute 
3-haired tufts. Anal siphon short, curved dorsally, with 8 pairs of long 
ventral tufts, and two pairs of long 2-haired lateral tufts. Pecten 
10 long fringed spines, becoming longer outwardly. Scales of eighth 
abdominal segment in a triangular patch of about 50-60, smaller at 
base of patch, longer at apex, each scale with slender body, the tip 
broadly expanded and fringed. 


The larvae were taken from the water held between the 
buttressed roots of a tree overhanging a stream on Barro Colorado 
Island, being pointed out to me by Dr. Frank M. Chapman. 
This is an unusual breeding-place for this subgenus, all the other 
known larvae being addicted to ground-pools. The species is 
named vexillifer, from vexillus, a banner or standard, in reference 
to the conspicuous long pennon-like projection from the tips of 
the rods of the inner division of the sidepiece. 


Culex (Melanoconion) quadrifoliatus, new species 
Figs. 4-6 

Female: Unknown. 

Male: A small brown unmarked Culex, the palpi exceeding the 
proboscis by nearly the length of the last two segments. Male termi- 
nalia: Clasper moderate, thickened at base, slightly curved, strongly 
constricted beyond middle, the apex expanded, with grooved snout- 
shaped tip, outwardly dentate, the crest pilose. Terminal horn small, 
upturned, appendicle large, sub-terminal, grooved. Eye-seta below 
crest, set very close under the overhang; a smaller seta below and 
proximal to it. Sidepiece rounded outwardly, sparsely clothed with 
few short setae and striate scales. Outer division of lobe of sidepiece 
a short thick column, with the following appendages: from an offset 
on the outer side of the middle of the column is a stout filament; from 
the tip of the column three curved spatulate filaments with rounded 
tips; beyond these a long lanceolate filament. On a slender continuing 
arm is a long hook-tipped rod, and a smaller lanceolate filament. Inner 
division of lobe of sidepiece a short column, with a patch of fine pilosity 
at base, between it and outer division. Outer arm short, with long 
curved rod with capitate tip. Inner arm absent, the rod sessile, nearly 
as long as the outer rod, the tip widened, flattened, upcurved, with 
recurved tip. 

Tenth sternite short, curved, with about 9 long blunt teeth. Lateral 
plates triangular, large. Tenth tergite membranous, inconspicuous. 
Inner paired plate of mesosome with short thick stem, upper arm short, 
curved and pointed, lateral arm flattened, tip truncate, ventral arm a 
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long semicircular horn, on same level with lateral arm. Lobe of ninth 
tergite small, ovoid, oblique, the base produced, the whole covered with 
short setae. 


Culex quadrifoliatus, n. sp. 
Fic. 4, Sidepiece. 5, Lobes of ninth tergite. 6, Inner plate of mesosome. 


Type: One male, the terminalia in a balsam mount. Type 
locality, Mojingo Swamp, lower Chagres River (Atlantic Side), 
Panama Canal Zone, December 6, 1933. The material has 
been deposited in the U. S. National Museum. 


Culex (Melanoconion) flabellifer, new species 
(Figs. 7-9) 

Female: Unknown. 

Male: A small brown unmarked Culex, the palpi exceeding the 
proboscis by nearly the length of the last two segments. Male 
terminalia: Clasper very long and slender, curved, constricted beyond 
middle, the tip dorsoventrally compressed, scarcely expanded, grooved, 
with scant pilosity outwardly; a short upturned terminal horn and a 
broad subterminal appendicle. A triangular projection on dorsal 
(apparent ventral) aspect, with eye-seta beneath, a shorter seta within 
proximally. Sidepiece rounded, somewhat conical towards tip, the 
outer and inner divisions of the lobe crowded towards tip. Outer 
aspect rounded, clothed with sparse setae. Outer division of lobe of 
sidepiece very short, nearly sessile, set obliquely very close to tip of 
sidepiece; a short continuing arm bears a long hook-tipped rod and a 
lanceolate filament three-quarters as long. From a slight eminence 
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adjacent is a series of setae, the most proximal long, narrowly lanceolate; 
the next two longer, equal, spatulate, with truncate tips; the next still 
longer, spatulate, with rounded tip. Between the outer division and 
the insertion of the clasper, arising from a slight eminence, is a very 
large triangular fan-like leaf (whence the name, from flabellus, a fan), 
not striate, the free border somewhat crenate. A strong seta opposite 
the leaf, on ventral side of sidepiece. Inner division of lobe of sidepiece 
short, the arms furcate, unequal, the inner half the length of the outer; 
the outer arm with a slender curved rod with hooked capitate tip; the 
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Culex flabellifer, n. sp. 
Fic. 7, Sidepiece. 8, Lobes of ninth tergite. 9, Inner plate of mesosome. 


inner arm with a shorter, nearly straight rod, the tip upturned, flattened, 
with recurved point. A patch of fine pilosity at base of inner division. 
Tenth sternite moderate, curved, with comb-shaped tip bearing about 
10 curved teeth. Tenth tergite long, narrow, somewhat chitinized. 
Inner paired plate of mesosome with short thick stem; upper arm with 
curved free border, somewhat hooded, with a few serrations ventrally; 
lateral arm a stout point; ventral arm a stout curved horn. Lobe of 
ninth tergite somewhat conical, set obliquely on tergite, the apex 
produced, bare, the body with many short setae from small tubercles. 


Type: A single male, the terminalia in a balsam mount. 
Deposited in the U. S. National Museum. Type locality, 
Santa Rosa, Colon Province, R. de Panama; a small native 
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village on the right bank of the Chagres River, a few miles 
below Madden Dam. The unique specimen taken by sweeping, 
June, 1932. 


Culex (Melanoconion) limacifer, new species 
(Figs. 10-12) 


Female: Unknown. 

Male terminalia: Clasper short, thick, scarcely constricted before 
the long, snout-shaped ‘‘head,” which is minutely pilose outwardly. 
Terminal horn large, upturned; a very long, flattened, cleft, terminal 


Culex limacifer, n. sp. 
Fic. 10, Sidepiece. 11, Lobes of ninth tergite. 12, Inner plate of mesosome. 


appendicle. A groove from the terminal horn to the overhang above 
the short eye-seta; a second seta present proximal to this. Outer 
division of the lobe of the sidepiece thick, with a long inner continuing 
arm bearing a long hook-tipped rod and a smaller lanceolate filament. 
The base of the inner arm bears a stout curved flattened filament, its 
tip extending nearly to the ends of the outer group of filaments. The 
outer aspect of the column bears a very slender seta, inserted evenly 
with the stout curved filament. The outer group of 4 (or 5?) flattened, 
closely appressed, bent filaments is sessile on the column, basal to the 
stout flattened filament. A long strong seta arises on the outer aspect 
of the column, at its base. Inner division of lobe of sidepiece furcate, 
the outer arm more than twice the length of the inner. Each arm bears 
a long, slender, capitate rod, that of the inner arm being upcurved, with 
widened and flattened tip. Below the inner division, outwardly, is a 
patch of short setae from tubercles. Tenth sternite straight, the tip 
curved, comb-shaped, with 8 or 9 teeth. The inner paired plate of 
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the mesosome with uniform stem, with flattened erect arm, rather 
coarsely dentate towards the dorsal tip; lateral arm sharp, flattened, 
long; a short sharp curved horn arises from the stem at the same level 
as the flattened lateral arm. Basal hooks long, widened centrally, with 
hooked tips. Lobes of the ninth tergite unique, their form best under- 
stood by reference to the figure. On the greatly elongated projecting 
inner tips are two long setae, one inserted just below the tip, the other 
slightly proximal to it, on the outer aspect. Three or four (the number 
varies) long, laterally directed setae on the body of the lobe. The 
species is named from a fanciful resemblance of the lobes of the ninth 
tergite to a pair of garden slugs (Limax), with their antennae erect. 


Type: A single male, the terminalia in a balsam mount. 
Bred from a pupa found in a stream at Chase, Costa Rica, just 
across the Panama boundary, in Bocas del Toro Province, 
February, 1928. 

Paratype: The terminalia from a male bred from a pupa 
brought to the Ancon Sanitary Office, February, 1934, locality 
of capture unknown, but probably in the environs of Panama 
City, R. de Panama. 


Culex (Isostomyia) browni, new species 
(Figs. 13-15) 

Male: A small brown Culex, with short palpi. 

Male terminalia: Clasper slender, nearly uniform in thickness from 
side view, strongly curved inward beyond middle, somewhat flattened 
dorsoventrally; outer margin clothed with fine appressed setae beyond 
middle, followed to tip by many closely set triangular lamellae. 
Terminal horn short, upcurved; a short subterminal appendicle, some- 
what widened at apex. Two rather widely separated subequal fine 
setae arise on the inner surface of the clasper, not far from the tip. 

Sidepiece long, oval, conical towards tip, the basal opening very 
long and narrow; outer aspect clothed with sparse fine setae. Outer 
division of lobe of sidepiece with a thick dorsoventrally flattened stem, 
arising very close to the insertion of the clasper, and bearing the follow- 
ing appendages: inserted midway of the stem, on the outer aspect, a 
long fine seta, with curved tip; proximal to tip of stem, and on the 
inner aspect, two long fine filaments; a third similar filament is inserted 
slightly distal to these. At the tip is a long curved grooved filament, 
flattened and rounded at tip. Inserted at about the same level are two 
flattened curved filaments, about half the length of the grooved filament. 
At the tip on the inner aspect is a number of appressed flattened pointed 
filaments, and outwardly a long sickle-shaped filament from a stout base. 

Inner division of lobe of sidepiece a stout column, the inner arm 
shorter than the outer. Outer arm elbowed ventrally, swollen; the 
filament deeply inserted in the angle of the elbow, long, strong, straight, 
with hooked tip. Inner arm slender, straight, with a similar filament, 
not quite so long. Proximal to the inner division is a large rounded 
boss, densely clothed with long strong setae from prominent tubercles; 
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several similar setae at base of inner division and of the rounded boss. 
Inner plate of mesosome T-shaped, with very short straight stem; 
dorsal (apparent ventral) arm very long, flattened, downcurved and 
rounded at tip; ventral arm a short thick curved horn. Tenth sternites 
with slender stem, tip comb-shaped, with about seven straight teeth. 
Lobes of ninth tergite widely separated, the tergite between them very 
narrow; lobes small, somewhat hemispherical, with a few fine setae at 
base only. 
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Culex browni, n. sp. 
Fic. 13, Sidepiece. 14, Lobes of ninth tergite. 15, Inner plate of mesosome. 


Type: One male, the terminalia in a balsam mount. The 
material has been deposited in the U. S. National Museum. 

The unique specimen was taken by sweeping with a net near 
the ‘‘Army boundary ditch’ near Gatun, Canal Zone, 
November 29, 1933, by Mr. C. G. Brown, Gatun District 
Sanitary Inspector, to whom, for his assistance on many 
occasions, and because of his intelligent interest, I take pleasure 
in dedicating this species. 

The species is an Isostomyia (Anoedioporpa), falling with 
corrigani and conservator on the short male palpi, and on the 
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shape of the mesosomal plate and the lobes of the ninth tergites, 
but distinct in the possession of the large hairy boss at the 
base of the inner division of the lobe of sidepiece, and the 
different armature of the outer lobe. 


Culex (Melanoconion) elephas, new species 
Figs. 16-18) 
Female: Unknown. 
Male: A small dark brown unmarked Culex. The palpi are rather 
shorter than is usual, exceeding the proboscis by only half the length 
of the last segment. 
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Culex elephas, n. sp. 
Fic. 16, Sidepiece. 17, Lobes of ninth tergite. 18, Inner plate of mesosome. 


Male terminalia: These bear a striking resemblance to those of 
Culex egcymon Dyar, a very common species in the Canal Zone, each 
part having distinct homologies with the corresponding part in egcymon 
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but so different in details that confusion between the two species is 
impossible. The very long, tapering, curved clasper bears a ludicrous 
resemblance to the proboscis of an elephant; hence the descriptive name. 

Clasper very long, about two-thirds the length of the sidepiece; 
distally greatly produced, narrowing to a fine upturned tip, without 
pilosity, terminal horn, or appendicle; much expanded basally, with an 
angular projection on outer aspect, slightly before middle; a long, 
distally directed seta on outer margin, a shorter mesially directed seta 
within and beneath the angular projection; base widened dorso- 
ventrally, provided on each side with a socket articulating with processes 
from the apex of the sidepiece. 

Sidepiece rounded outwardly, with a few striate scales on base 
outwardly; tip with a long process on each side, articulating with the 
clasper. Inwardly with a narrow triangular pilose area, slightly pro- 
duced at base of outer division of lobe of sidepiece. 

Outer division of lobe of sidepiece a low cone; on the inner (mesial) 
side, remote from the other filaments, is a short projection bearing three 
short thick curved filaments, all about equal in length. Outwardly 
(laterally) in order distally is a long slender filament, recurved at tip 
like a crozier, inserted on a slight eminence somewhat proximal to 
middle of lobe; adjacent to the three curved filaments is a long stout 
slightly sinuate lanceolate filament, broadly and deeply inserted; next 
is a long slender filament extending nearly to the tip of the stout 
lanceolate filament; beyond this are two stout filaments, the inner 
flattened, curved, lanceolate, slightly twisted; the outer filament longer, 
with stout hooked tip. 

Inner division of lobe of sidepiece infuscated, very close to outer 
division; thick, flattened and widened basally, with a slight hump at 
base next to the three short curved filaments of outer division, and a 
thickened curved ridge outwardly. Outer arm infuscated, short, thick, 
straight, deeply inserted, the apex expanded, with one long and one 
short laterally projecting tip. Inner arm infuscated, shorter than outer 
arm, somewhat angled near middle, apex expanded, with one long and 
one short laterally projecting tip. 

Tenth sternite with short stem, angled near base, the tip curved, 
with about 25 very fine, closely set curved teeth, those nearest stem 
coarser, straighter. Lateral plates of 10th sternites small, curved, 
triangular, attached to the ventral (apparent dorsal) side of 9th tergite 
and to the basal plate. Tenth tergite long, wide, slightly chitinized. 
Inner plate of mesosome in side view with stem flattened laterally, 
wide, uniform; three arms at tip, the middle arm furcate, with a shelf- 
like projection, the upper crest coarsely dentate; lateral arm long, 
flattened, squarely truncate at tip; ventral (apparent dorsal) arm a long, 
sharp, laterally-directed point. Basal hooks long, slender, recurved. 

Ninth tergite with very large lobes, somewhat L-shaped, nearly 
approximate, the base of the L broadened, bulbous at tip, with a few 
spirally arranged setae before bare apex; upright shaft of L very short, 
with two setae within angle; tip expanded, with bulbous projection 
mesially, clothed with radiating setae; apex clothed with very many 
long, mesially directed setae, their tips curved. The strip of tergite 
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between the enlarged lobes narrow, with a triangular dorsal (apparent 
ventral) projection with central round lacuna, apparently the opening 
of a duct. 


Type: A single male, the terminalia in a balsam mount. 
The material has been deposited in the U. S. National Museum. 
Type locality, Juan Diaz neighborhood, east of Panama City, 
R. de Panama, the male obtained by sweeping, January 28, 1936. 


Culex (Melanoconion) paracrybda, new species 
Figs. 19-21 
Female: Unknown. 
Male: A small brown unmarked Culex, with unbanded legs. Palpi 
exceeding the length of the proboscis by slightly less than the length 





Culex paracrybda, n. sp. 


Fic. 19, Sidepiece. 20, Lobes of ninth tergite. 21, Inner plate of mesosome. 


of the last two segments. The male terminalia show affinities to those 

M of Culex taeniopus Dyar, many homologies being evident, but the 
details differ so greatly that confusion between the two is impossible. 
As form crybda Dyar (which Edwards elevates to specific status) is 
without the white tarsal banding, the present species has been named 
paracrybda to denote the close relationship. 
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Male terminalia: Clasper moderate, thick, widened at base, scarcely 
constricted before tip, which is scarcely widened, flattened dorso- 
ventrally, the outer surface minutely pilose outwardly, with large eye- 
seta and smaller seta proximally. Tip with upturned terminal horn 
and large triangular subterminal appendicle. Sidepiece rounded 
outwardly, with sparse long setae. Internally a narrow membranous 
area separates the apical lobe from the rest of the sidepiece. Outer 
division of lobe of sidepiece arcuate, composed of two arms, one inner, 
slender, curved, outer thick, upcurved, the whole inserted nearly at 
a right angle to the inner face of the sidepiece. The long slender curved 
column has migrated from its usual position, apically on the outer 
division, to a point at the base. This slender column bears in order 
from the base a slender lanceolate filament, two appressed striate 
leaves, somewhat widened centrally, with rounded tips, and terminally, 
a larger striate leaf with thin stem and widely expanded blade. The 
outer thick upcurved arm of the outer division has a long slender seta 
from a tubercle at its base, at the junction with the sidepiece. Beyond 
this, about midway of the column, on the outer aspect, is a long 
lanceolate filament from a prominent insertion. Just beyond this, on 
the inner aspect, is a slender filament, flattened and slightly curved 
towards tip. From the upturned produced apex is a long strong 
hook-tipped rod. Inner division of lobe of sidepiece projecting dorsally 
(apparently ventrally), undivided, a stout column from a triangular base, 
very close to the outer division; at the base outwardly are four or five 
fine setae; outwardly at the middle of the column is a stout short 
filament; at the apex are two distorted sinuate rods with capitate tips, 
the inner slightly shorter than the outer; arising apparently from the 
middle of the outer rod is a triangular membrane, with long point 
directed towards the base of the lobe. Tenth sternite straight, slender, 
with very narrow tip, with about five or six closely set long straight 
teeth. Lateral plate large, triangular, dome-like. Tenth tergite broad, 
membranous, with a few prominent setae at tip. Inner paired plate of 
mesosome a simple flattened rod, without terminal horns, the tip 
rounded, very slightly beaked; the dorsal (apparent ventral) margin 
of the shaft thickened and chitinized, with a slight basal point; the 
ventral margin somewhat widened, membranous. Basal hooks rather 
short, curved, the inner margin chitinized, the tip hooked. Lobes 
of the ninth tergite approximate, small, erect, ovoid, with about seven 
long setae at tip only. 


Type: A single male, the terminalia in a balsam mount. 
The material has been deposited in the U. S. National Museum. 
Type locality, Juan Diaz neighborhood, east of Panama City, 
R. de Panama, the male obtained by sweeping, January 28, 1936. 


Culex (Melanoconion) lucifugus, new species 
(Figs. 22-24) 
Female: Unknown. 
Male: A small brown unmarked Culex, the palpi exceeding the 
proboscis by almost the length of the last two segments. 
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Male terminalia: Clasper long, enlarged at base, constricted before 
middle, the ‘‘head”’ expanded, very long, being half the length of the 
clasper; tip snout-shaped, grooved, outwardly with small lamellae 
distally and with fine pilosity proximally; upturned terminal horn and 
a large subterminal flattened appendicle at tip. Eye-seta well up under 
overhang, very long and fine; a smaller seta below and proximal, 
outwardly. 

Sidepiece rounded outwardly, conical towards tip, clothed with 


sparse_setae. 
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Culex lucifugus, n. sp. 


Fic. 22, Sidepiece. 28, Lobes of ninth tergite. 24, Inner plate of mesosome. 


Outer division of the lobe of the sidepiece a slender column, directed 
ventrally (apparently dorsally), with a slender continuing arm bearing 
a long, flattened, angled rod with hooked tip, and a smaller broad 
twisted lanceolate filament. Proximal to these is a long, broad, ovate, 
leaflike filament, and adjacent to it is a long lanceolate filament with 
bent tip. Proximal to this is a series of four flattened, widened, closely 
appressed filaments. A long strong seta is on the base of the outer 
division, outwardly. 

Inner division of the lobe of the sidepiece set obliquely, the arms 
widely furcate, the inner much shorter than the outer; both arms bearing 
long rods, the upper directed ventrally (apparently dorsally), straight 
at base, characteristically curved towards tip, with flattened hooked tip. 
Lower rod straight nearly to tip, then abruptly bent upwards, widened, 
striate, with terminal hook. 

Tenth sternite with straight shaft and curved comb-shaped tip, 
with about nine curved teeth. Tenth tergite long, narrow, triangular, 
inconspicuous. 
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Inner paired plate of mesosome with base slender, erect; part beyond 
dorsally directed at angle of 45°, widened; three arms at tip, upper arm 
widened, semicylindrically curved laterally, coarsely serrate on free 
margin; lateral arm long, flattened, truncate; ventral arm inserted on 
same level, a long laterally curving sharp horn. 

Lobe of ninth tergite somewhat resembling that of Culex limacifer 

‘ n. sp. (q. v.); oblong, the inner edge produced to form an erect point 


clothed with short caudally directed setae; the body of the lobe with 
laterally directed setae. 


Type: A single male, the terminalia in a balsam mount. 
The material deposited in the U. S. National Museum. 

Type locality: Quiriquire, Venezuela (near Maturin, north- 
astern Venezuela), June 14, 1935. 


Culex amitis, new species 
(Figs. 25-27) 
Female: Unknown. 
Male: A small dark brown Culex, the palpi exceeding the proboscis 
by almost the length of the last two segments. 
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Culex amitis, n. sp. 
Fic. 25, Sidepiece. 26, Lobes of ninth tergite. 27, Inner plate of mesosome. 


Male terminalia: Clasper with stem enlarged basally, constricted 
before middle, the ‘‘head”’ very long, ending in a grooved snout-shaped 
tip, clothed outwardly with minute lamellae. Terminal horn large, 
upturned; subterminal appendicle long, slender, grooved. An eye-set 
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well up under overhang, a smaller seta below and proximal, outwardly. 
Sidepiece rounded outwardly, clothed with sparse curved setae; some- 
what conical towards tip. 

Outer division of lobe of sidepiece a rather short, slender column, 
widening outwardly, with inner continuing arm bearing the usual long 
flattened hook-tipped rod and a smaller lanceolate filament, nearly 
equally inserted; on an offset near the base of the continuing arm are a 
broad striate leaf, and a broad flattened round-tipped filament. 
Proximal to these is a series of three filaments, the most proximal 
closely appressed, the distal longer, spatulate. A long strong seta with 
curved tip is on base of outer division, on outer aspect. 

Tenth sternite short, straight, with curved comb-shaped tip, with 
about 10 teeth. Tenth tergite long, triangular, somewhat chitinized. 

Inner paired plate of mesosome with curved stem, with three arms 
at tip; upper arm widened and curved, directed laterally, the free 
edge finely serrate; two lateral arms before tip, one short, pointed, with 
minute tooth before tip; the other much longer, flattened, directed dorso- 
laterally. Basal hooks long, slender, curved, hooked at tips. 

Lobe of ninth tergite oblong, the ventral (apparent dorsal) free 
margin laterally produced and somewhat curved, the inner basal angle 
produced; body clothed with long setae from tubercles. 


Type: Two males, the terminalia in balsam mounts. 
Deposited in the U. S. National Museum. 

Type locality: Quiriquire, Venezuela (near Maturin, north- 
sastern Venezuela), June 14, 1935, the material obtained by 
sweeping. 
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THE EFFECT OF A FEW TOXIC SUBSTANCES UPON THE 
TOTAL BLOOD CELL COUNT IN THE COCKROACH, 
BLATTA ORIENTALIS LINN. 


Rosert A. FIsHER,! 
University of Idaho, Moscow, Idaho? 


Most reports in the literature on blood cell counts of 
cockroaches have dealt only with the total cell counts in normal 
cockroaches. Haber (1926) found approximately two to three 
thousand cells per ‘‘droplet’’ of blood in Blatella germanica L. 
Yeager and Tauber (1932) obtained an average of approximately 
30,000 cells per cu. mm. of blood in Periplaneta fuliginosa 
Serville, with counts ranging roughly from 15,000 to 60,000. 
The same workers (1933) reported an average of 31,672 cells 
per cu. mm. of blood from Blatta (Periplaneta) orientalis L. 
The author (1935, using the cockroach Blatta orientalis L., 
obtained an average of about 34,000 cells per cu. mm., with 
counts ranging from 8,800 to 83,600, after the insects had been 
treated with glacial acetic acid vapor by the method described 
by Shull and Rice (1933). The insects in this experiment 
that were subjected to the acid vapor until they were dead 
or nearly dead gave an average of 36,173 cells per cu. mm. of 
blood. These data indicate that the number of cells in the 
blood of these species of cockroaches averages between 30,000 
and 35,000 cells per cu. mm. of blood. 

The results of a preliminary study of the effect of a few 
toxic substances on the blood cell count of the cockroach, 
Blatta orientalis L., are reported in this paper. 


M ethod—Materials used were white arsenic containing 99% arsenious 
acid anhydride (AseO3), mercuric chloride, sodium fluosilicate, hydro- 
cyanic acid, ether, pyridine and carbon disulphide. Cockroaches killed 
with hydrocyanic acid were placed in an ordinary killing bottle con- 
taining calcium cyanide. Ether, pyridine and carbon disulphide were 
used in the same manner as acetic acid, at a temperature of 30 degrees C. 
White arsenic, mercuric chloride and sodium fluosilicate were dusted on 
the mouthparts of the cockroaches in amounts large enough to cause 
death when ingested. In all cases the cell counts were made immediately 
after the death of the insects. Cessation of voluntary movements was 
taken as the criterion of death. 





1The author wishes to acknowledge his indebtedness to Dr. W. E. Shull, of 
the Idaho Agricultural Experiment Station, for many valuable suggestions during 
the course of this work. 

2Published with the approval of the Director as Research Paper No. 135 of 
the Idaho Agricultural Experiment Station. 
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White arsenic was also fed in a bait which consisted, by weight, of 
82.05% oatmeal, 9.90% sugar, 6.24% white arsenic and 1.81% olive 
oil (Wakeland unpublished). This bait was thoroughly mixed so that 
the arsenic would be very evenly distributed. 

Feeding troughs were made from gelatine capsules and celluloid. 
A small circular piece of celluloid was removed from the center of a 
larger piece of celluloid. The large circle was two inches in diameter. 
By cutting through to the center of this circle, and then lapping the 
cut edges, a truncated cone was formed. The edges were lapped over 
far enough for the opening in the top of the cone to fit snugly about the 
cap of a gelatine capsule, and were cemented in position with acetone. 
The cap of the capsule was then placed in the cone, with its open end 
upward and even with the top of the cone, and cemented in place with 
acetone. A narrow strip of celluloid was also attached with acetone 
around the bottom of the cone to form an upright wall. 

The capsule was then filled with bait, weighed, and placed in a 
beaker with a cockroach. After the cockroach had fed, the trough was 
removed and reweighed. A second trough, filled with bait, was weighed 
at the same time as the one from which the cockroach had fed, to check 
for any fluctuations in the weight of the bait due to absorption or loss 
of water. The second weight of the first trough was then corrected for 
this difference, to find the amount of bait eaten by the insect. The 
cockroaches were weighed just before making the cell counts, and the 
milligrams of arsenious acid anhydride eaten per gram of body weight 
was Calculated. 

Both antennae of the cockroaches were severed near their bases, and 
enough pressure was applied to the bodies of the insects to force the blood 
from the bodies. A white blood cell diluting pipette was filled to the 
0.1 mark with blood, then completely filled with diluting fluid (Yeager 
and Tauber, 1933),3 and shaken for three minutes. Cell counts were 
then made with a U.S. Bureau of Standards hemocytometer. 

Results—Twenty-three cockroaches were killed by feeding them 
white arsenic. In a few instances, indicated in Table I, cell counts 
were made while the cockroaches still exhibited some signs of life. 
Their movements, however, when they were touched with a pencil 
point, were very feeble, and death probably soon would have occurred. 

The first symptom of death from arsenical poisoning was the watery 
appearance of the feces. The movements of the insects then gradually 
became more feeble as death approached. Just before death the only 
sign of life was a spasmodic twitching of the legs and antennae when 
the insect was disturbed. The cessation of all movements was taken 
as the final criterion of death. 

Very little clumping of the cells was found. When relatively large 
numbers of cells were present a few small clumps of cells appeared. 

The results obtained from this experiment are presented in Table I. 
Males are designated by ‘‘M,” females by “F,’’ and nymphs by “N.” 
Counts are given for both chambers of the hemocytometer. 


30.081 M NaCl, 0.002 M KCI, 0.001 M CaCl-2H,0, 0.125% glacial acetic acid 
and 0.005°% gentian violet. 
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TABLE I. BLioop CELL Counts AFTER DEATH BY ARSENIC POISONING 
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4 Cell count taken just before death. 
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From these results it may be seen that a marked lowering of the 
number of cells per cu. mm. accompanies death by arsenic poisoning. 
Blood cell counts ranged from 500 to 27,000 cells per cu. mm., with 
an average of 8,139 cells per cu. mm. 

It was found in every instance that the majority of cells obtained 
were of a type having a large nucleus and a small amount of cytoplasm. 
A few cells of other types were present, but in much smaller numbers 
than in blood of cockroaches treated with acetic acid vapor. 

There was no apparent correlation between the number of cells and 
the stage of development of the insects, amount of arsenic eaten, or the 
time from eating arsenic until death. 

The results obtained when the cockroaches were killed with mercuric 
chloride and sodium fluosilicate were nearly the same as those with 
arsenic. Twelve cockroaches killed with mercuric chloride gave an 
average of 7,083 cells per cu. mm. of blood, with counts ranging from 
2,000 to 13,200 cells per cu.mm. Death occurred from six to ten hours 
after the material had been dusted on the mouthparts of the insects. 
Nine cockroaches killed with sodium fluosilicate gave an average of 6,778 
cells per cu. mm., with counts ranging from 2,600 to 11,500 cells per 
cu.mm. The time from feeding until death varied from 24 to 60 hours. 
The appearance of the blood cells at the time of death from these 
two substances was the same as after death from arsenic. 

Nine cockroaches killed with carbon disulphide gave an average of 
19,600 cells, with counts ranging from 5,800 to 33,500 cells per cu. mm. 
The cockroaches were subjected to the vapor at a temperature of 30 
degrees C. for 30 minutes. The cells were rounded in appearance, and 
some clumping occurred. The relative amount of blood obtained from 
these cockroaches was small. 

Cockroaches killed with hydrocyanic acid, ether and pyridine 
showed an increase in cell count over those treated with acetic acid. 
An average of 51,750 cells per cu. mm. was obtained from eight cock- 
roaches killed with hydrocyanic acid, with counts ranging from 17,500 to 
115,400. These cockroaches were placed in an ordinary killing bottle 
containing calcium cyanide for five minutes, at room temperature. 
Seven cockroaches were killed by being subjected to ether vapor at 
30 degrees C. for 30 minutes. An average of 47,557 cells per cu. mm. 
was obtained from these insects, with counts ranging from 14,800 to 
82,600. Nine cockroaches killed by being subjected to pyridine vapor 
for two hours at 30 degrees C. gave an average of 65,311 cells per cu. 
mm., with counts ranging from 36,500 to 107,000. These three sub- 
stances did not inhibit coagulation, as did acetic acid, but the cells did 
not show the tendency to clump together as in normal coagulation. 
They did, however, lose their natural shapes and become rounded, and 
occasionally a few small clumps of cells were found. 


DISCUSSION 


For the purposes of this discussion the average cell counts obtained 
after death of the cockroaches by the various toxic substances used will 
be compared with the average of 36,173 cells per cu. mm. of blood, 
obtained after death by treatment with acetic acid vapor (Fisher, 1935). 
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This number is chosen because it compares favorably with averages 
obtained by other workers, and because by the acetic acid method 
complete inhibition of coagulation of the blood results before the sample 
is taken from the insect’s body. This average, therefore, probably is 
quite close to the average number of cells per cu. mm. of the blood in a 
normal cockroach. 

The difference between the mean cell count of 36,173 and the mean 
for each separate substance was calculated and the standard error 
for each mean difference determined. Any mean difference that is 
more than twice its standard error indicates that the populations from 
which those means were drawn are significantly different (Fisher, 1932). 

Table II presents the mean and standard error for each substance, 
and the mean difference from the acetic acid average with the standard 
error of each mean difference. 


TABLE II. MEANS AND STANDARD ERRORS FOR EACH SUBSTANCE: MEAN 
DIFFERENCES FROM ACETIC ACID AVERAGE AND STANDARD 
ErRRorS OF MEAN DIFFERENCES 








| | | 
Number | Mean Cell Standard | Mean Error 


| 
| | | Std. Erro 
Roac hes} Count | Error Diffes erences ad Mean Dif. 


Material 


Acetic Acid 41 36,173 20,920 |... 

Aso : ; 23 8,139 | 5,526 28,034 
HeC 12 7,083 | 3,890 | 29,090 
Neer, zs 9 6,778 3,118 29,395 


Ce, edesic 9 19,600 | 12,600 | 16,573 | 5,550 
Ether.. 7 47,557 | 28,344 | 11,384 | 12,035 
HCN... : 8 51,750 32,507 15,577 | 12,724 
Pyridine... 9 65,311 26,010 29,138 | 9,773 


These data show that death by white arsenic, mercuric chloride and 
sodium fluosilicate caused a very significant lowering of the average 
blood cell count from the acetic acid average. This decrease is caused 
principally by the disappearance of the type of cells having a large 
amount of cytoplasm and a small nucleus from the blood sample. 
Further research along this line will need to be directed toward a 
determination of the fate of these cells in death caused by these 
substances. 

Carbon disulphide also shows a significant lowering of the cell count 
by this analysis, but deserves more special consideration. With the 
technique used, employing a white cell diluting pipette, normal cock- 
roaches which have received no special treatment give an average of 
about 17,000 cells per cu. mm. The appearance of the cells from 
these cockroaches resembles that of cells from cockroaches killed by 
carbon disulphide—that is, there is usually some clumping together of 
the cells. Since there is no significant difference between these two 
means it may be concluded safely that carbon disulphide has no effect 
upon the cell count. 
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Ether and hydrogen cyanide showed no difference from acetic acid. 
This may be explained by some interference with normal coagulation, 
since practically no clumping of the cells was found in the samples taken 
from insects killed with these substances. 

Pyridine showed a significant increase over acetic acid. However, 
cell counts should be made from a larger number of cockroaches to make 
certain that this increase is real. 


CONCLUSIONS 


1. Death of the cockroach, Blatta orientalis L., by white 
arsenic, mercuric chloride and sodium fluosilicate caused, 
respectively, significant decreases from the acetic acid average 
of 36,173 to 8,179, 7,083 and 6,778 cells per cu. mm. of blood. 

2. This decrease is caused apparently by the disappearance 
of the type of cell having a small nucleus and a large amount of 
cytoplasm. Normally these cells are present in large numbers. 


3. Carbon disulphide has no apparent effect upon the 
blood cells. 

4. Hydrocyanic acid and ether show no difference from 
acetic acid in their effect upon the blood cell count, probably 
because of some interference with normal coagulation. 

5. Pyridine causes a significant increase in the blood cell 
count. This increase cannot yet be considered real because of 
the limited number of cockroaches in the sample. 
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INHIBITION OF COAGULATION IN THE BLOOD 
OF INSECTS BY THE FATTY ACID 
VAPOR TREATMENT! 


W. EArt SHULL,? 
University of Idaho, Moscow, Idaho 


Two previous papers, Shull, Riley and Richardson (1932 
and Shull and Rice (1933), have shown that coagulation in the 
blood of insects in which the coagulation processes are similar 
to those found in the cockroach Blatta orientalis L. could be 
inhibited by treating the insects with the vapors of acetic acid. 
These findings have led to the study of other fatty acids in 
relation to the inhibition of coagulation in the blood of insects, 
the results of which are presented in this paper. 


METHODS AND MATERIALS 


The method of examination of the process of coagulation is similar 
to that described by Yeager, Shull and Farrar (1932). The method of 
treatment of the insects in fatty acid vapor is the same as that described 
for fatty acid vapor by Shull and Rice (1933). The insect to be treated 
was placed in the bottom of a glass tube which was one inch in diameter 
and eight inches long. The bottom of the tube was perforated by 
numerous holes. Two cork stoppers were attached to a glass rod as 
shown in C, Fig. 1, and placed in the top of the tube (B, Fig. 1). The 
lower cork which was of the proper size to slip easily within the tube B, 
was attached in an inverted position just at the end of a glass rod. 
The upper cork, which closed the top of the tube, was attached so that 
when it was in position in the tube B, the lower cork would be one and 
one-half inches from the bottom of tube B. Both corks were dipped in 
paraffin to prevent the absorption of the acid vapors. When the corks 
and the glass rod were in position, the insect was confined to the lower 
one and one-half inches of the tube B. This tube and its contents 
was placed inside another tube (A, Fig. 1) which was slightly larger 
in diameter and one-half inch longer. The larger tube A was suspended 
in a constant temperature bath so that at least the lower six inches 
were immersed in the water. The openings between the two tubes were 
sealed loosely at the top by means of rubber bands around the tube B. 
Two c. c. of the acid to be tested were placed in the bottom of tube A. 
The experimental animal used in these studies was the cockroach, 
Blatta orientalis L. 


1Published with the approval of the Director as Research Paper No. 140 of 
the Idaho Agricultural Experiment Station. 

2The author wishes to thank Mr. Harry Cline, a former student at the Uni- 
versity of Idaho, for his assistance in taking some of the data reported in this paper. 
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The fatty acids used were: formic, acetic, propionic, butyric, and 
valeric. All of them were chemically pure and manufactured by the 
Eastman Chemical Company, except formic acid. The formic acid 
was a 90 percent solution in water. 


1 Rubber 
‘Bands 











Derforations> 





Fic. 1. Drawings of the tubes in which the insects were treated with fatty acid 
vapors. Tube A was immersed into the constant temperature bath with tube 
B placed inside of it. C shows the arrangement of corks for keeping the tubes 
closed and the insect always the same distance from the surface of the acid 
contained in the bottom of tube A. D shows the tubes assembled. 


RESULTS 

A summary of the results obtained by the use of each acid is given 
in the following tables and discussions. 

In Table I only a few of the records of treated animals are given, 
but those shown are typical of the results obtained from the series of 
seventy-four individual roaches treated at a constant temperature of 
30° C. The formic acid vapor used was obtained from a 90 percent 
water solution of chemically pure acid, by heating the solution in a 
constant temperature bath kept at 30° C. Treatment was begun by 
allowing the insects ( in in the vapor for five minutes. In one 
or two cases the insects were killed by treatment for this length of time, 
but in most instances they were still alive 24 hours after the treatment. 
In those cases in which the insects were killed, coagulation was retarded 
to such an extent that the processes did not begin until after several 
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hours following treatment, but in all cases the blood, which had been 
drawn from the antennae into Nujol oil for observation under the 
microscope, was coagulated 24 hours after treatment. Several individ- 
uals were treated for ten minutes and, like the animals treated for five 
minutes, coagulation was retarded in those which succumbed to the 
treatment. The blood of individuals treated between ten and seventeen 
minutes showed varying results but, in general, no coagulation occurred 
in those which were killed by the treatment. Those which did not 


TABLE I 


THE Errect oF Formic Acip VAPOR ON THE COAGULATION OF THE BLOOD OF THE 
ORIENTAL COCKROACH. TEMPERATURE OF AciD, 30° C. 





; ; BLoop COAGULATED Insects ALIVE 
Insect Minutes in 


Number | Acid Vapor anes 





| 
On Removal | 24hrs. Later|On Removal | 24hrs. Later 





5 * * . | * 
2 10 . * + * 
3 1 ° . . : 
4 11 * - 

5 12 . ‘ . 
6 12 - : - 
7 13 na * « * 
g 14 _ K * K 
9 15 - - - 
10 15 - - 
1] 15 ' a ” 
12 15 : ‘ : . 
13 16 . * . ° 
14 17 . ? . . 
15 | 18 - - - 
16 18 * * 
17 19 

18 20 - 
19 21 - 
20) 22 

21 23 


*Blood has coagulated or the insect was alive at the time of the observation. 


succumb to the treatment did show coagulation either immediately 
after the blood was drawn or before a 24-hour period had elapsed. 
Complete inhibition occurred in all of the insects treated for periods 
of 18 minutes or longer. Many of the insects which were treated for 
periods longer than 23 minutes yielded little or no blood so that the 
coagulation processes could not be adequately studied. 

Fourteen insects were treated with formic acid vapor at a tem- 
perature of 35° C. Coagulation was inhibited in all insects which 
were treated long enough to cause death of the insect. At this 
temperature it was necessary to expose the insects to the acid vapors 
for only 11 minutes compared with 18 minutes at 30° C. Coagulation 
occurred in the blood of those insects exposed for ten minutes or less. 
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Thirty-four cockroaches were treated in the acetic acid vapor series 
of this study. One hundred and four roaches of the same species were 
treated with acetic vapor in another series by Shull and Rice (1933). 
These data showed that coagulation was retarded in insects treated for 
three and one-half minutes at 30° C., and that inhibition of coagulation 


TABLE II 


THe Errect or Acetic AcID VAPOR ON THE COAGULATION OF THE BLOOD OF THE 
ORIENTAL COCKROACH. ‘TEMPERATURE OF ActiD, 30° C. 











| | 
| . . | BLoop COAGULATED INsEcT ALIVE 
Insect Minutes in | | 
Number Acid Vapor ene = 
| 
On Remov al 24hrs. Later| OnRemoval | 24hrs. Later 
1 21 | za * * * 
2 | 21 * * * } * 
3 21 | : * * 
4 99 * * * 
5 ye | + * * * 
6 | 22 a . ° 
7 23 - - 2 . 
8 23 * * * * 
9 23 | - . ” ’ 
10 24 ~ * * * 
11 24 | No blood |obtained 
12 | 24 | * . * . 
13 25 a * * * 
14 | 25 No blood |jobtained 
15 25 No blood |obtained 
16 26 ~ ~ . - 
17 26 | = * 
18 | 296 | m | * * * 
19 26 No blood |obtained 
20 27 - - - - 
21 27 ? | ° ' ” 
22 27 ’ : . ” 
93 | 27 * * * * 
24 28 - - . - 
25 28 - 2 
26 | 28 | ~ . - 
27 29 - - . - 
OS | 29 * 7 * * 
29 | 29 . . . ‘ 
30 30 es = “ = 
31 30 - - ~ - 
32 30 - . = - 
33 31 - . . - 
34 32 - : . - 
35 


*Blood had coagulated or the insect was alive at the time of the observation. 


could be obtained when the insects were exposed for five minutes or 
more. However, Fisher (1935), working in this laboratory and with an 
improved technique, found that inhibition was not produced until the 
insects were killed by the treatment. He determined the presence or 
absence of coagulation by diluting the blood and was able to determine 
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cases of coagulation where only a very few of the cells were involved. 
He found that in general it required thirty minutes of treatment to 
completely inhibit coagulation. In the present series coagulation was 


TABLE III 


Tue Errect oF Propionic ACID VAPOR ON THE COAGULATION OF THE BLOOD OF THE 
ORIENTAL COCKROACH. TEMPERATURE OF AcID, 30° C. 


Insect Minutes in 
Number Acid Vapor 


BLoop COAGULATED | INSECT ALIVE 





}On Removal On Removal | 24hrs. Later 
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| 
| 
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29 53 
30 54 
31 55 
32 56 
33 57 
34 58 
35 59 
36 60 
37 | 61 
38 61 
39 63 
40 65 
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*Blood had coagulated or the insect was alive at the time of the observation. 


not completely inhibited until the animals had been treated a minimum 
of twenty-six minutes at 30° C. or until the insects had been killed 
by the acid vapor. All of these studies show that inhibition of coagula- 
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tion may be obtained with acetic acid vapor when the insects are treated 
for sufficient lengths of time to cause death to the individuals, or that 
coagulation processes may be retarded by shorter lengths of exposure 
in the vapor. 

Records of only a few individuals treated are presented in Table II, 
which illustrate the effect of the acid at various durations of exposures 
at 30° C. 

Forty insects were treated with the vapors of propionic acid. No 
inhibition was obtained in insects which had been treated for less 


TABLE IV 


Tue Errect oF Butyric AciID VAPOR ON THE COAGULATION OF THE BLOOD OF THE 
ORIENTAL COCKROACH. TEMPERATURE OF AcID, 30° C. 

















; : BLoop COAGULATED INsEcT ALIVE 
Insect | Minutes in | 
Number | Acid Vapor | . — 
{On Removal | 24hrs. Later|On Removal | 24 hrs. Later 
- 1 ; 30 = ™ | - a a y ; . ao = = 
2 45 * * | * os 
3 50 * * * * 
4 50 | « | * * * 
5 55 * | * * * 
6 57 * | * * 7 
7 58 * | * * * 
8 60 - - * - 
9 60 * * . * 
i¢ 62 . ° ” ° 
11 63 ‘ _ | ‘ ' 
12 64 ° . . ° 
13 65 * + * +. 
14 65 * * | * * 
15 75 | * * * a 
16 85 - ° ° - 
17 90 | . * - 
18 92 - - . - 
19 94 ~ - * - 
20 96 | - - | * - 








*Blood had coagulated of the insect was alive at the time of the observation. 


than thirty minutes in the vapor of the acid at the temperature of 30° C. 
Only one of the insects treated showed a slight degree of inhibition in 
thirty minutes. Coagulation was retarded in a few of the insects 
when they were treated for 40 minutes and in a few at 45 minutes. 
Inhibition was not obtained until the insects had been treated for 58 
minutes. Inhibition of coagulation occurred in all of the insects which 
were treated from 58 to 65 minutes. The data for this acid are given 
in Table III. 

Propionic acid, like the other acids studied, will inhibit coagulation 
in the blood of the cockroach when the insects are treated for a minimum 
of 58 minutes at 30° C., or until death of the insect is produced. 

Twenty cockroaches were treated with the vapors of butyric acid. 
The data from the study of this acid are given in Table IV. 
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One roach, exposed to the vapor of this acid for 60 minutes, showed 
complete inhibition of coagulation; another showed retarded coagulation 
when exposed for 75 minutes, and one at 85 minutes. Complete 
inhibition was obtained in all of the insects which were treated for 90 
or more minutes. A larger series of insects treated with this acid 
might have shown more irregularities than this small series has shown. 

Twenty-one insects were treated with the vapors of valeric acid. 
The data from the study of this acid are shown in Table V. 


TABLE V 


THE EFrrect OF VALERIC ACID VAPOR ON THE COAGULATION OF THE BLOOD OF THE 
ORIENTAL COCKROACH. ‘TEMPERATURE OF AcInD, 30° C. 














. : BLoop COAGULATED Insects ALIVE 
Insect Minutes in | 
Number Acid Vapor |— 
| | } 
}On Removal | 24hrs. Later}On Removal | 24hrs. Later 
a — —— eeene feeemnremen — = - | a = 
1 5 + } * * * 
2 10 . . . . 
3 20 : ’ . . 
4 % « *« * * 
= | 
5 35 | « | * * * 
6 45 | . . . . 
7 60 . . ° * 
g | R0 | * * * * 
9 195 . ° . . 
10 205 | . . . ‘ 
ll 210 : . . - 
12 215 - _ . - 
13 215 - - . - 
14 215 - . _ . 
15 220 - * . * 
16 220 - - . * 
17 225 | - ' : - 
18 225 ~ = . - 
19 225 - - - - 
20 230 | - - : = 
21 235 No blood |jobtained 
| 








*Blood had coagulated or the insect was alive at the time of the observation. 


Two of the insects treated showed inhibition of coagulation when 
treated for 215 minutes. The insects were dead at the end of the 
treatment. Coagulation was retarded in three insects which were 
treated for 220 and in one treated for 225 minutes. Two insects treated 
for 225 minutes showed inhibition of coagulation, and the one insect 
treated for 230 minutes also showed complete inhibition. No blood 
was obtained from one of the insects which was treated for longer 
than 230 minutes. 

A few insects were treated in the vapor of caprylic acid at the tem- 
perature of 30° C. for as long as 1,440 minutes, but coagulation was not 
inhibited, and the insects were all alive at the end of the treatment. 
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A few insects were also treated with the vapors of pelargonic acid for 
periods as long as 1,355 minutes, but none of them had died at the end 
of the treatment and the blood of all individuals coagulated when 
removed from the body. Longer periods of exposure were not 
attempted. 

DISCUSSION 

Each of the five lower fatty acids will inhibit the coagulation of the 
blood of the cockroach if the insects are exposed to the vapors of the 
acids for periods of time which insure death. It now appears that the 
carboxyl radical of these compounds affects inhibition of coagulation 
inthe blood. This additional data on the physiological action of organic 
acids on the coagulation of the blood of the cockroach seems to indicate 
that the carboxyl radical of these compounds is responsible for their 
inhibitory properties, for of the 35 organic and inorganic compounds 
studied by Shull, Riley and Richardson (1932) only acetic acid inhibited 
coagulation. Acetic acid is known to have a precipitative effect on 
certain proteins and thus to cause coagulation and fixation of the 
tissues or cells treated. From this study it appears that the carboxyl 
radical, coming in contact with the tissues, causes fixation of the blood 
cells of the cockroach. 

It will also be noticed from the above data that the greater the 
number of carbon atoms in the molecule of the fatty acid studied, the 
longer the time required for inhibition of coagulation in the blood cells 
of the insect. It required at least 18 minutes to produce inhibition of 
coagulation when a solution of formic acid was used, 26 minutes for 
glacial acetic acid, 58 minutes for propionic acid, 90 minutes for butyric 
acid and 225 minutes for valeric acid. The boiling points of these acids 
also ascend as the number of carbon atoms in the molecule increases. 
This indicates that the physical properties of the acids control the time 
required for exposure to the vapor of the acid to produce death or 
inhibition of coagulation rather than a difference in chemical com- 
position of the acids. The time of exposure required to inhibit coagula- 
tion decreased in each acid studied at temperatures other than 30° C. 
as the temperature increased, and increased when the treating 
temperatures were lowered. 


SUMMARY AND CONCLUSIONS 


1. Coagulation in the blood of the cockroach, Blatta orientalis L. is 
inhibited by treating the insect in the vapors of formic, acetic, propionic, 
butyric and valeric acids. 

2. The length of time of treatment necessary to cause inhibition of 
coagulation in the blood of insects varies inversely with the temperature 
of the treatment and directly with the physical properties of the acid. 

3. Inhibition of coagulation is complete only when the insects 
succumb to the treatment but may be retarded without killing the 
insects when the time of treatment in the acid vapor is decreased. 

4. Of the organic and inorganic compounds reported in this and 
previous papers, only the fatty acids inhibit coagulation in the blood 
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of the cockroach which seems to indicate that the carboxyl radical 
common to these acids is responsible for the inhibitory properties of 
the acids. 
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BIOLOGICAL CONTROL OF THE SUGAR CANE LEAFHOPPER IN 
HAWAII, by O. H. Swezey. Bulletin of the Experiment Station of the 
Hawaiian Sugar Planters’ Association. Entomological Series Bull. No. 21, 
pp. 57-101, 6 pls. and 23 text figs. 1936. Also published in ‘‘The Hawaiian 
Planters’ Record, Vol. XL, No. 1, 1936. 

We give this bulletin a notice because it is a comprehensive history of the 
control of the sugar cane leafhopper in Hawaii and because it is especially 
authoritative as it is written by one who has been connected with the work almost 
from its beginnings. 

This leafhopper, Perkinsiella saccharicida Kirk, appeared suddenly in Hawaii 
in 1900 and in a very few years spread to all cane fields where it eventually caused 
an annual loss of five million dollars in the sugarcrop. By 1904 it had been traced 
back to Queensland, Australia, where it was widespread as a cane insect, but not 
serious. The fight was begun in Honolulu by the organization of an ‘‘Ento- 
mological Division’’ in the Hawaiian Sugar Planters’ Experiment Station. This 
famous staff, as first organized, consisted of R. C. L. Perkins, Director; Albert 
Koebele, Consulting Entomologist; G. W. Kirkaldy and F. W. Terry, Assistant 
Entomologists. Later in the year H. Swezey was added to the roll. Perkins 
and Koebele were dispatched immediately to Australia from which time on many 
shipments of parasites and some predators poured into Hawaii from various 
Pacific and East Indian areas. Outstanding enemies of the leafhoppers were a 
Mymarid egg parasite, Paranagrus optabilis Perk. from Australia, several other 
efficient egg parasites, two Dryinids, one from Fiji, the other from Formosa, and a 
predacious Mirid bug, Cyrtorhinus mundulus (Bredd.), from Queensland, which 
sucked leafhopper eggs. In a very few years the leafhopper came under high 
control except for an occasional outlying area where for some unknown reason 
controls were at times inefficient. Thus was established one of the most clean-cut 
instances on record of biological control of a serious pest. 

The history is well illustrated and documented. It closes with three pages 
of bibliography on this historic struggle.—C. H. K. 











CLEAVAGE PATTERNS IN DROSOPHILA AND 
MOSAIC FORMATION 


Hav B. Parks, 
Corpus Christi Junior College, 
Corpus Christi, Texas 


The study of the early developmental history of Drosophila 
melanogaster from the fertilization of the egg to the end of 
gastrulation, has been undertaken in the hopes of obtaining 
more definite information regarding the cleavage pattern of 
the egg and the distribution of the cleaving nuclei to the 
forming blastoderm. In the later stages, special attention has 
been given to those phases of the developing organism which 
produce external structures of significance to the geneticist. 
More specifically, the endeavor has been made to lay an embryo- 
logical foundation which might serve as a means of interpreting 
the conditions found in various types of gynandromorphs and 
mosaics. While the earlier literature concerning dipteran 
development is replete with different phases of embryological 
investigations of various flies, it is doubtful whether a com- 
plete embryological history of the entire dipteran embryo has 
been written. In order to trace the ultimate fate of the 
descendants of the nuclei, it is necessary to have an exact 
understanding of the development of the particular generic 
group to which the fly belongs. 

With the knowledge of genetic laws and technique, the 
modern embryologist has at his command methods by which 
he can interpret certain developmental phases and, in some 
cases, even make predictions concerning the end product when 
abnormalities are present as mosaic flies. Genetics offers such 
interpretations and methods that the investigator can know 
with exactness certain factors that enter the first cleavage 
spindle; thus he is able to detect the presence or absence of these 
factors in the adult. It should, therefore, be possible to take 
the known genetic data concerning gynandromorphs and 
mosaics, and combine these data with the formation obtained 
from a study of the early embryology of Drosophila. One 
would then be able to reach some conclusion as to the influence 
of the dividing nuclei in the formation of the adult, the 
mechanism concerned with the differentiation of the larva, 
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and the influence of the genes in the development of particular 
structures. To this end Patterson (1929), (1931) and (1933) 
suggested that the normal embryology of Drosophila melano- 
gaster should be worked out in detail in order to obtain an exact 
account of its development so that, if possible, the cellular 
history of mosaics might be traced. 

In recent literature much is made of the so-called typical 
insect embryology, but only two authors have recorded any 
evidence of pattern in the egg of the insect on which they have 
worked. However, neither Wheeler (1889) nor Hegner (1914) 
applied his data to the relationship of cleavage patterns to 
mosaic formation. 

Likewise, gynandromorphs and their production whether 
produced naturally or by means of X-rays, have been the 
subject of much discussion. Patterson’s ‘‘Mechanism Mosaic 
Formation in Drosophila”’ (1933) offers proof in support of the 
theory of ‘‘chromosome elimination.’’ In two of his papers 
(1931 and 1933) he suggests the possible relationship between 
the first cleavage spindle and the future type of gynandromorph, 
and also discusses the role played by cytoplasm under natural 
conditions or when effected by X-rays. Other writers have 
hinted at this relationship, but no one has directly pointed out 
the above noted possibilities. Perhaps this is due to the fact 
that gynandromorph material was hard to obtain until Pat- 
terson (1931) devised the X-ray method. 

The record of gynandromorphs obtained from Patterson’s 
data and from the claret mutant stock used in this study may 
be classified roughly according to their external cellular dis- 
tribution. The elimination of the X-chromosome, either by 
X-rays or spontaneously, may be considered as the primary 
cause which leads to the formation of gynandromorphs. This 
does not explain, however, why the same set of conditions 
produces different distributions in external cells. In order to 
understand these results one must follow in exact detail the 
history of the cleavage nuclei in the early developmental stages 
of the egg of the normal wild-type Drosophila, in which stages 
these types of gynandromorphs may be produced. An under- 
standing of the nature of mosaic formation may be found in 
explanations given to the following questions: (1) At what 
angle to the main egg axis does the first cleavage spindle usually 
lie? (2) May not deviation in direction and positions of the 
first cleavage spindle occur, and if so, in what direction and 
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to what extent? (3) What relation is there between the 
direction of the spindle and the various types of gynandro- 
morphs? (4) What is the relation of the nuclear patterns in 
the early embryo to the various types of gynandromorphs? 
(5) What role may the cytoplasm play, if any, in the determina- 
tion of the type or character of the future gynandromorph? 

In literature dealing with dipteran embryology Weisman 
(1863) considered only the external features of differentiation, 
while Noack (1901), Blockman (1887) and Henking (1891) 
dealt mainly with gross embryological process. Later insect 
embryologists, Tanquary (1913), Nelson (1915) and Huettner 
(1922), have alluded to the possibilities of the meaning of various 
cleavage patterns found in the developing egg, but all of them 
assumed that there was but one set type, uniform throughout the 
higher insects, ignoring the whole question of cleavage patterns. 

Acknowledgment is due Dr. J. T. Patterson for suggesting 
this problem, for the use of his data, and for supervision of the 
problem, and to Dr. D. B. Casteel for encouragement and 
advice. 


METHOD AND TECHNIQUE 


The normal wild-type Drosophila used in this study was obtained 
from the stock of the Department of Zoology, at The University of 
Texas. This stock, considered normal in genetical work, was used 
because it contains few factors which might alter the cleavage process. 
This normal stock was kept on yeast food to insure a larger production 
ot eggs. 

In general, the following method was pursued: about the time of 
the emergence of a new generation, the old flies were removed from the 
bottles. The new ones were separated as to sex, put into yeast vials 
and allowed to feed heavily for two or three days. This process assured 
quick mating and also resulted in the production of a large number of 
eggs. To hasten egg deposition, the following scheme was devised. 
As many as twenty unmated males and females were placed in vials 
previously loaded with yeast-food spoons to which diluted acetic acid 
had been added. The addition of acetic acid to the food considerably 
increases egg production. The spoon method of feeding was used 
because of the greater convenience in obtaining eggs for experimenta- 
tion. These spoons were examined every half hour. This half hour 
examination of the eggs, according to Huettner (1922), should give a 
rough estimate of the time of cleavage within the zygote. Eggs obtained 
in this manner ranged from the pronuclear stage up to the sixty-fourth 
nuclear stage. If care has been taken in timing the mating, nuclear 
division will seldom go beyond the above named nuclear stages. 
Previous to the time of using this method, individual matings were 
made and the eggs in early cleavage were examined. Early cleavage 
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stages found in eggs produced by any single female presented many 
different cleavage patterns. It is easier to obtain these stages from a 
controlled mass culture as described above, than from a single female. 

When the eggs were removed from the spoons, they were placed in 
Locke’s solution and examined under the binocular microscope in order 
to eliminate all the older embryos. The chorionic coverings of the 
eggs, suspected of being in early cleavage stages were removed by 
fixing the eggs to a slide previously coated with glue. This method 
was used first by Dr. Patterson. The smaller the number of eggs 
handled, the greater the probability of fixation since too much drying 
causes the egg to collapse. 

The eggs were then placed in the fixative held in a depression made 
in paraffin filling a Syracuse watch glass. In the fixative (either Kahle’s 
or Carnoy’s) the eggs were allowed to float until they began to show a 
whitish tinge. Since the vitelline membrane has at this stage become 
not only impervious to further passage of the fixative, but also sufficiently 
tough to retain the contents of the egg, it was punctured in order that 
the deeper lying parts might be fixed in a fairly uniform fashion. Todo 
this, two dissecting needles, each ground and polished to a fine point, 
were used. If an egg is in the correct condition for puncturing, the 
needle enters with comparative ease, but if not, the needle slides off, 
and perforation is nearly impossible. As a rule, all young eggs were 
punctured at the posterior end to prevent the disturbance of nuclei, 
which, in early stages, are located at the anterior end. 

The eggs were left in Kahle’s fixative solution for twelve hours and 
were then transferred directly to 50 percent alcohol, or, when fixed 
in Carnoy’s, they were transferred at the end of from two to five 
minutes fixation to a 95 percent alcohol solution. Since Carnoy’s 
method was used mainly, that procedure will be given. After the eggs 
were placed in the 95 percent alcohol, they were then removed to an 
85 percent alcohol solution containing a few drops of iodine solution. 
They were left in this solution for a period of twelve hours thus insuring 
the removal of all corrosive sublimate. Hamlett’s method of dehydra- 
tion (Science, 1932) was employed. This consisted of first placing the 
material in a one-third aniline and two-thirds 70 percent alcohol solution 
for approximately one hour; then the mixture was pipetted off and two- 
thirds aniline and one-third 95 percent alcohol was used, followed by 
pure aniline until clearing was complete. After this the eggs were 
washed in oil of wintergreen until the oil showed no trace of yellow from 
the aniline. The eggs were then infiltrated with paraffin. In order to 
make orientation possible, the eggs had been stained with eosin. 

Embedding was not carried on in the usual way. There are two 
methods which give quick and good results for orientation and spacing. 
At the beginning of this experiment, the old method of orientating 
a few eggs in a box placed on a warm plate was used. This process 
proved to be long, tedious and very undesirable. The following method 
was devised: the paraffin containing the infiltrated eggs was poured into 
a ruled box and allowed to cool; the cold block of paraffin was then 
placed under a binocular microscope and the eggs orientated with a 
warm needle. 
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In the investigation, not less than two thousand embryos were 
sectioned. These were cut at a uniform thickness of 7 mu. and stained 
chiefly in Heidenheim’s iron-haematoxylin with no _ counterstain. 
Other stains, such as Bismarck-brown, Delafield’s and Fuelgen’s 
reaction, were also used. The slides carrying these sections were 
examined and classified as to the stages represented. Camera lucida 
projections were made of the best slides which were evaluated as to 
orientation of the nuclei in relation to the sides and ends of the eggs. 
Since only the directions and angles of the spindles were to be con- 
sidered, no detailed drawings were made. 

To assist in following the lineage of the dividing nuclei, models 
of the various cleavage patterns were constructed in order that the 
three-dimentional relationships could thus be appreciated. These 
models were constructed of beads, ‘‘Plasticene,’”’ and small wooden 
rods. In the two cases, illustrated by Figures 42 and 43, the board 
which forms the base on which the models rest represents the last ventral 
section of the egg. These models proved of great value in following 
nuclear migration, in tilting cleavage spindles, and in checking the 
bilaterality of cleavage patterns. 

Gastrula stages were obtained in the same way as early cleavages. 
These embryos were fixed and stained with the same solutions used 
above. They were cut transversely, medially, and horizontally. Semi- 
diagrammatic drawings were made to illustrate each stage. 

The imaginal-disc drawing is the result of a preparation made by 
opening the mature larva on the dorsal side and spreading it out in the 
position shown. This was fixed and stained in order to show the 
imaginal discs of the abdomen. Sections were made of pupae in order 
to observe the actual length and width of the discs. 


STRUCTURE OF THE EGG, MATURATION, AND FERTILIZATION 


The Drosophila Egg at Time of Laying—lf a large number of eggs, 
presumably laid at the same time, are examined, stages will be found 
varying from the pronuclei to freshly emerged larvae. Although 
detailed accounts of the external appearance of the egg are found 
in the writings of Nonidez (1920) and Huettner (1922), it seems best, 
for the sake of embryological continuity, to include a brief description 
at this point. The preblastoderm egg possesses a marked bilaterality 
and a definite anterior posterior differentiation. Its width varies 
between 200 and 300 mu. with an approximate length of 530 to 600 mu. 
Varying lengths and widths are apparently individual characteristics. 
The egg is cylindrical with a convex ventral surface and a somewhat 
flattened dorsal side. From the dorsal side of the egg at its anterior 
end, projects a short nipple-shaped micropyle. Behind and on both 
sides of the micropyle are located filamentous extensions of the chorion 
which prevents the egg from sinking into the soft food. 

The pattern on the chorion consists of small hexagons. It is to be 
noted that the centers of the hexagons react to Fuelgen’s stain, thus 
showing the chromatin remains of the follicular cells which secretes it. 
Within the chorion and surrounding the egg, is the vitelline membrane, 
apparently a clear structureless substance. The odplasm of the egg 
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is distinctly differentiated into anterior, peripheral, and posterior 
layers, and medial oéplasm. These are, in general, clear homogeneous 
layers, except for the posterior oéplasm which contains the polar 
granules. The central o6plasm comprises the largest part of the egg 
and consists of heavily yolk-laden cytoplasm. 

Maturation and Fertilization—Maturation and fertilization will be 
considered briefly, since Huettner (1922) has already published a com- 
plete and detailed account of this process. Preceding maturation, 
the egg nucleus enters the metaphase stage and remains in this condition 
until the sperm enters. In an unfertilized egg, the nucleus can be seen 
lying dorsal to the micropyle. The number of sperms entering is not 
constant, varying from one to many. Polyspermy is quite common. 
After the entrance of the sperm, the female nucleus completes the first 
maturation cycle and the first polar body is formed. The reduced egg 
nucleus divides again, as does the first polar body. The sperm nucleus 
migrates toward the egg nucleus, but this migration is never in any set 
path. This conclusion is based upon the various positions taken by the 
first cleavage spindle. Further consideration of the polar bodies will 
not be given except to say that they form a distinct ring of sixteen 
to thirty-two chromosomes in an island dorsal to the micropyle. 

Pronuclear Location in Relationship to the First Cleavage Spindle 
Angle—It is conceivable that the angle taken by the first cleavage 
spindle might be caused by the direction in which the sperm nucleus 
approached the egg nucleus. Plate I, Figure 1, is a lateral view of the 
pronuclei, the larger nucleus being the female. If the angle of approach 
has anything to do with the first cleavage angle, this would result in a 
skewed bilateral spindle in reference to the ventral position of the future 
embryo. Figure 2 shows another pronuclear stage in which the nuclei 
are side by side. This relationship might account for the anterior- 
posterior spindle, provided the spindle is formed in the general direction 
of the pronuclear union. However, it is not always the case. 


EARLY CLEAVAGE PATTERNS 


First Cleavage—Immediately following the pronuclear stage, the 
asters appear and the first cleavage spindle is formed. During this 
phase the male and female components remain for a short time as 
separate and distinct halves of the spindle. The chromosomes go to 
the poles and two resting daughter nuclei are formed. No cell walls 
appear until blastulation. The nuclei are located in areas more or less 
free of yolk which are the so-called protoplasmic islands. It is noticeable 
that the irregular protoplasmic island of the first cleavage spindle is 
transformed into a circular area with a bud on one side, the bud occupy- 
ing the position of one of the daughter nuclei. The movement of the 
nuclei may be in response to changes in surface tension at the time of 
nuclear reorganization. 

Consideration of the First Cleavage Angle in Relationship to Various 
Types of Mosaics—Morgan, Sturdevant, and Patterson have suggested 
the possibility that the angle of the first cleavage spindle might be 
related ultimately to the pattern laid down in an adult mosaic or 
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gynandromorph. The question of whether this angle is always the 
same or whether it varies in different eggs is shown in an examination of 
Plate I (Figures 3, 4, 5, 6). Here it is seen that the angle of the first 
cleavage spindle varies between a nearly anterior-posterior to a nearly 
bilateral position. The distribution of angle variation is shown in 
the following table: 











TABLE | 
FIGURE NUMBER 3 4 5 6 
COpeetRTAOM.. ... 6.0 ss see. | Ventral Ventral | Ventral Lateral 
Cleavage Angle..........| 5/85 62/28 | 79/11 60/30 
PIR sscsncveensase ec | Anterior- | Nearly | Nearly Nearly 
| posterior bilateral bilateral Dorsoventral 


In early literature, Morgan (1919), placed much emphasis upon the 
position of the first cleavage spindle. The evidence presented in 
Table I indicates that the position of this spindle is a matter of chance. 
With the establishment of this fact, the conclusion may be reached that 
the angle of the first cleavage spindle bears no direct relationship to the 
distribution of male and female tissue in gynandromorphs and that 
the mechanism which is responsible for this is to be found in the random 
movement of the early cleavage nuclei. Such a mechanism existed in 
the normal wild-type egg. 

The first cleavage spindle occurs at various horizontal levels along 
the longitudinal axis of the egg. This is clearly shown in Plate I 
(Figs. 3, 4, 5, 6). This level is due to the position reached by the egg 
pronucleus when it unites with the sperm. This location determines the 
position of the following cleavages as can be seen in the nuclear dis- 
tribution of the second and third divisions. These variations in the 
position of the first cleavage spindle are the contributing factors which 
lead to variations in the following cleavage patterns. 

Second Cleavage—Since the position, the pattern, and the direction 
of movement of the nuclei are to be considered of first importance, 
only outline drawings showing nuclear relations will be used in rep- 
resenting the cleavage stages which lead up to the formation of the 
blastula. It should be remembered that the future embryo is organized 
along the midventral side of the egg. Other investigations have shown 
that these ventrally located cells of the germ band migrate up and over 
the dorsal surface of the embryo. Thus the nuclear pattern laid down 
in the germ band will condition the mosaic or gynandromorphic pattern 
of the adult. 

A comparison of Figure 9 with the preceding figures show that the 
two resting nuclei have moved some distance apart. It might be sup- 
posed that these two nuclei come from an anterior-posterior first cleavage 
spindle, but this is not always the case if allowance is made for the 
swinging and tilting of this spindle. These nuclei are not always in 
the same plane; hence a two-nuclear stage might assume an anterior- 
posterior appearance and yet in reality bear a dorsoventral relationship. 
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Figure 10 shows a similar stage from a lateral view. This preparation, 
however, shows that the two nuclei are both in an anterior-posterior 
plane; but it is to be remembered that these nuclei are a long way from 
the future position of the embryo. 

Figure 7 is a ventral view of the second cleavage. It shows that the 
nuclei have not as yet moved to a position other than the one assumed 
after the two-nuclear resting stage. If different eggs are compared, it is 
found that the angles between these two spindles are constant neither 
with themselves nor with the axis of the egg. Figure 8 is a lateral view 
of a different preparation showing that, in appearance, the anterior- 
posterior relation is still maintained. Among my preparations, second 
cleavages does not always fall into an anterio-posterior position. If a 
line is drawn with regard to the longitudinal axis of the egg, all variations 
in the position of the first cleavage spindle can be found. These varia- 
tions include strictly bilateral to dorsoventral positions. At the end of 
the second cleavage four nuclei are present. Figures 11 and 13 are 
examples. Figure 11, a ventral view, shows marked bilaterality at 
first glance. If the nuclei present are orientated with reference to the 
longitudinal axis, it is seen that, while the two to the left fulfill the 
requirements for a bilateral figure, the two to the right do not, since 
the most anterior one falls on the axis and the other to the left of it. 
Figure 13, another ventral view, shows definite bilaterality since nuclei 
are well distributed to the end left of the axis; the right anterior nucleus, 
however, lies a great distance from the central group. 

Third Cleavage—At the beginning of the third cleavage (Figs. 12 
and 14, lateral view) the same apparent indefiniteness of orientation 
persists. Other preparations show all variations of this pattern from 
strictly bilateral to linear arrangement. The two figures given illustrate 
how diverse these patterns may be. If the angles of the individual 
spindles of Figures 12 and 14 are individually deferred to the ventral 
side, the differences of position cannot be interpreted in terms of later 
cleavages. These differences might be due to physical states of the 
individual egg, such as yolk densities or surface tension phenomena. 
No matter what relation to the future mosaic the four-nuclear stage 
may bear, when the nuclei have completed their division and have 
assumed a resting condition, the following important facts appear. 
First, if we consider Figure 15 (an eight-nuclear ventral view) and 
orientate the eight nuclei with the longitudinal axis, we find not an exact 
bilateral figure, but one which is semibilateral with nuclei drifting 
toward the longitudinal axis. This drifting may be one of the causative 
factors in the formation of semi-bilateral gynandromorphs. On the 
other hand, if Figure 17 (a ventral projection of Figure 18) is examined, 
a different situation is found, namely, a majority of nuclei appear on 
or near the longitudinal axis while three are to the extreme left. Com- 
paring Figure 16 (a lateral projection of Figure 15) with Figure 18, 
another reverse situation is found. In Figure 16 the levels where the 
nuclei are located appear to be dorsal to the longitudinal axis; while in 
Figure 18 the nuclear levels appear centrally and ventrally located. 

If the elimination of the X had occurred at the first cleavage, which, 
according to the elimination hypotheses, is quite frequent, the question 
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immediately arises as to how the nuclei of later cleavages could be kept 
from mixing. It is shown later in this paper that mixing of male and 
female cells occurs in some of the early cleavage divisions. Embryo- 
logical evidence of drifting and random movement of the nuclei can be 
seen by a comparison of the figures showing the second cleavage, and 
on through to the eight-nuclear stage. Drifting and nuclear movement 
in insect eggs has been mentioned by Nelson (1915). 

Another point which must be kept in mind at this time is the volume 
relationship of the protoplasm involved in the eight nuclei compared to 
the total volume of the egg. These approximate volumes are 56,520,000 
cu. mu. for the egg and about 65 cu. mu. for the volume occupied by 
the nuclei. It will be seen that there is ample room for the nuclei 
to assume various positional relationships with the longitudinal axis 
and with each other within the total mass of egg cytoplasm. 

To appreciate the significance of the above relationship, Figure 42 
must be closely examined. This is a model of Figure 15, an eight 
nuclear resting stage. The base board of the model represents the 
last ventral section of the egg; the lines running toward the nuclei 
represent the relative distances from the ventral section. From this 
model the idea of a three-dimensional figure must be visualized as all 
figures of the eggs must be thought of as three-dimensional figures and 
not as flat surfaces. 

To obtain the final three-dimensional relationship, it is necessary 
to examine Figures 44 and 45. These are cross-sections of an eight 
nuclear stage. Figure 44 is a cross-sectional projection of Figure 17 
viewed anteriorly. It will be seen that the majority of the nuclei are 
in the ventral quadrants with only two in the dorsal quadrants. This 
would fit the theory of positive drift (Nelson, 1915) toward the ventral 
side if it were not for the fact that other cross-sections, as represented 
by Figure 45, show a lining up of the nuclei along the horizontal plane, 
with just as many nuclei on the ventral side as on the dorsal side. 

Fourth Cleavage—In most embryological papers, including modern 
ones, the plates and diagrams of insect eggs represent the nuclei at the 
fourth cleavage stage arranged in an ellipsoid, with nuclei equally dis- 
tributed, parallel with the periphery. Indeed, there appear to be a few 
existing accounts which show accurately the condition of preblasto- 
dermic nuclear arrangement in insect eggs; these few include Hegner’s 
(1914) and Lecaillion’s (1898) work. The ellipsoidal figure, as shown 
by Korschelt and Heider (1899) and Morgan (1927), really occurs, 
but on account of variation it can not be called a true representative 
of the type shown in Drosophila or in certain Coleoptera. Compare 
Figures 19 and 21 {Figure 19, a real preparation, Figure 21, a projection 
of Figure 22). Figure 19 is a fine example of almost complete 
bilaterality, but even here it is noticed that there are nuclei which 
approach the median line, thus making the diagram a little skewed 
toward the left. This preparation represents one of many variations 
which can be seen by Figure 21. It shows the nuclei clustered around 
the long axis with the majority of the nuclei either on or to the left 
of the axis. In both, Figures 20 and 22, a positive ventral drift is evi- 
dent. It would seem apparent, although there is but meager evidence, 














1936] Parks: Mosaics of Gynandromorphs 359 


that this is an indication of the further distribution of nuclei in the 
future embryo, and furthermore that those reaching the ventral side 
first will most likely take an active part in formation of the germ band. 
This ventral drift is shown in Figure 46 (a projectional cross-section 
of Figure 22). For comparison with an actual section examine Figure 
47 in which the ventral drift is even more pronounced. 

Fifth Cleavage—At the time of the fifth cleavage, the nuclei are still 
in a thin layer along the long axis (Figure 23). The number of nuclei 
on the right and left sides is not the same. Drifting has become more 
apparent, and some of the mitotic spindles on the periphery of the 
central pattern can be seen to point outward. This indicates future 
placement of nuclei toward lateral sides, while the central spindles seem 
to be orientated at random. 

Sixth Cleavage—An examination of Figure 24 might lead one to 
believe that the nuclei in the upper part of the egg have divided with 
greater rapidity but such is not the case since all nuclei divide in unison. 
The reason for the apparently large number found in this position lies 
in the fact mentioned at the beginning of the paper, namely, that the 
first cleavage spindle was located more anteriorly than in Figure 23. 
Another feature of this stage is the occurrence of what appears to be 
vacant protoplasmic islands. This is offered as further evidence of 
nuclear movement toward the periphery (Figures 24a, anterior section, 
and 25a). Migration toward the posterior pole becomes very evident 
at the 64-nuclear stage. Several spindles elongate in this direction and 
apparently are directed toward the posterior region. 

At the close of the sixth cleavage (Figure 25), the stage is apparently 
set for the migration of the nuclei and the formation of the blastoderm. 
The nuclei on the lateral sides are lined up irregularly and are approach- 
ing the peripheral odplasm. 

At this period no nuclei are found in the thin layer of peripheral 
oéplasm. Returning to the idea of the ventral drift of nuclei, Figure 25 
is highly significant since at least two-thirds of the nuclei are in the 
ventral oéplasm. 

Figure 27 shows a section through the anterior extremity of an egg 
in the 128-nuclear stage. If this is compared with an anterior-lateral 
section (Figure 25), it will be found to be nearly identical. It is to be 
noted that in each one there are no nuclei on the ventral side, but that 
the majority are on the dorsal and right-lateral side. The middle 
section (Figure 28) shows the nuclei more numerous on the ventral 
side, while the dorsal and left are only sparsely populated. Figure 29, 
the sixth transverse section from the extreme posterior end, shows that 
no pole cells have as yet formed and that the distribution of nuclei is 
about equal both ventrally and dorsally. The peripheral odplasm is 
still devoid of nuclei. 

Seventh Cleavage—At the 256-nuclear division there is an apparent 
rush of all nuclei toward the periphery; in fact, it seems that this is the 
time of the greatest nuclear movement. Figure 26 shows a midlateral 
section. The importance of this stage lies in the fact that the proto- 
plasmic islands of the middle region are almost devoid of nuclei. About 
half way up and along the dorsal side of the egg can be seen an excellent 
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example of a path where the nuclei have migrated to the surface. The 
region immediately under the micropyle is free from nuclei; but the 
apparent relation of this region to the embryo will be discussed later. 
A consideration of the behavior of the germ cells, beyond a general 
survey, will not be given, since Huettner (1929) has fully covered this 
subject. In general, six to eleven spindles migrate into the posterior 
oéplasm. These enter the posterior end either simultaneously, or 
nearly so, with the entry of the somatic nuclei from the ventral side. 
An examination of Figure 32 (a cross-section of 256 nuclei in mitosis) 
shows that the pole cells are extruded on the dorsal side. Somatic 
nuclei can also be seen in the same end section, but they are few in 
number. Figure 31 shows a section about the midlevel, corresponding 
to the same level shown in Figure 26. There is, however, still an enor- 
mous number of nuclei in the central o6plasm. The extreme anterior 
section, shown in Figure 30, represents five nuclei in mitosis. These 
have not yet moved to the periphery. It is to be noted here that a 
number of nuclei never reach the cortical layer, but are left behind and 
act as yolk-digestors or vitellophags; their ultimate fate is unknown. 

Blastulation—Figure 33 is a composite drawing of six midsections 
showing the distribution of nuclei ventrally and dorsally. In this 
composite picture a decided ventral concentration of nuclei can be 
seen, while dorsally the nuclei, even though those of six sections are 
represented, are still widely distributed. I believe that those remaining 
toward the center are the ultimate vitellophags. The dorsally extruded 
pole cells are seen posteriorly. 

Figures 34 and 35, semidetailed drawings, correspond approximately 
to Figures 26 and 33, respectively. Figure 34 shows a single section 
with the nuclei in mitosis. The most interesting feature of this stage 
is the position of the yolk with reference to the still existing proto- 
plasmic islands. The pole cells are not as yet fully extruded. Figure 38 
illustrates a cross-section of approximately this stage and shows the 
peripheral odplasm evenly supplied but not completely filled with small 
nuclei. This, however, is not the case for the entire egg. Longitudinal 
sections showing blastulation at this period are deceptive; the surface 
of the entire egg is not completely covered with nuclei. Whole mounts 
of eggs show various whorls and vacancies in the peripheral oéplasm. 
But by the time the stage shown in Figure 35 is reached the egg is 
completely covered with nuclei. The mitotic divisions now go on 
rapidly in the periphery. The future somatic nuclei still divide in 
unison, but the germ cells assume a division rate of their own. 

Cell membranes now appear around the blastoderm nuclei producing 
cells which are elongate and columnar in appearance. This can be seen 
by a comparison of the cross-sections (Figures 38 and 40). For a 
consideration of the question of relationship of nuclei and nuclear 
lineage of mosaic or gynandromorph formation, it is advisable to go 
back to the 16- to 32-nuclear stage and recall the individuality of pattern 
of each separate egg, the lack of bilaterality of the nuclear pattern in 
respect to the long axis, and the apparent ventral drift. The evidence 
seen in specimens of gynandromorphs of different types obtained from 
Patterson’s records and the claret mutant stock show no absoluteness of 
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bilaterality, of quadrants, or of other so-called types. It cannot be said 
that the ancestors of the cells which possess the gynandromorphic 
parts remain in definite areas as drifting of nuclei occurs, as shown in 
the gynandromorph material at hand. 

Evidence exists that there are other factors involved in the fate of 
the nuclei which will be the progenitors of the cells carrying the markers 
used by the geneticist. 

An examination of the early stages of blastulation, as has been 
previously stated, will show that the nuclei are far apart and do not fill 
the entire periphery. The complete blastula as shown in Figures 36 
and 40 pictures a completely filled periphery. The mechanism by which 
this is accomplished is obvious, but it is to be noted that when each cell 
divides it spreads the area of the cells containing any factor which the 
parent cell might possess. These considerations obtained from viewing 
the various cleavage patterns up to and during the blastulation, com- 
bined with the early elimination of one of the X-chromosomes, the 
movement of the nuclei, and the random entering of nuclei into the 
blastoderm lead to the conclusion that the nuclei in the periphery are 
in a mixed mosaic condition at this time. 

If the period of gastrulation were one of direct change from blastula- 
tion to adult without change of cellular position the older theories of 
spindle relationship and bilateral cleavages might be of some value. 
With the continuous moving of cells, however, and the numerous surface 
changes that occur in gastrulation, it is not to be wondered that the 
mosaic presents such peculiar relationships in the distribution of its 
male and female elements. 

Since the geneticist is concerned chiefly in the external characters, 
the ectoderm from which these are derived will be held of greatest 
importance in the following discussion. 

Gastrulation—Gastrulation is first shown by three processes which 
probably occur simultaneously. Figure 37 shows an invagination 
just dorsal to the micropyle. At the same time, in the midventral 
region (Figure 48), cells are dividing and moving inward. This is best 
shown in transverse section (Figure 49). Along the entire ventral side 
the ventral gastrula furrow appears. This invagination carries inward 
the cells which are to become the ventral mesoderm. A horizontal 
section near the ventral side (Figure 51) cuts through the strip as it is 
moving inward. The cells which take part in this invagination (Figure 
48) are thus eliminated from future surface expression. 

Secondly, the head-fold, the beginning of which is noted in Figure 37, 
is seen as a well formed structure in Figure 52. An earlier stage in its 
development is shown in Figure 50. The invaginations which initiate 
this fold sink deeper until a groove runs obliquely around the entire 
anterior end of the egg. 

The third change in the blastula is shown in Figure 48. At the 
posterior end of the embryo, on the dorsal side, the cells are in a state 
of activity as shown by the number of cells present in the area of the 
future amnioproctodeal invagination. Externally a few rounded cells 
can be seen. These are the pole cells or germ cells which will be carried 
into the body cavity with the invagination mentioned above. The germ 
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cells are moved into the interior of the embryo by the rapidly dividing 
cells of the ventral and posterior undifferentiated blastoderm. The 
increase in mass of these blastoderm cells forces the extreme dorso- 
posterior blastoderm anteriorly, while at the same time the cells of the 
dorsal blastoderm anterior to the invagination appear to remain 
quite a number of division steps behind. This causes the invagination 
to sink deeper into the body carrying the germ cells with it. This 
anterior folding also produces the tail fold, according to Weisman 
(1863), as noted in his studies of the development of Musca. Figure 52, 
a longitudinal lateral section, represents a stage slightly older than the 
one shown in Figure 48. At the extreme posterior dorsal side a definite 
invagination is seen. The cells of this wall are definitely of blastodermic 
origin. In the hollow of the invagination lie the spherical pole cells; at 
the posterior lip are smaller cellular units which, in the genus Calliphora, 
according to Noack (1901), are true ectoderm. Dorsally and anteriorly 
there is but one change noticeable; a smaller invagination appears 
anterior to the proctodeal-amniotic invagination. Its significance will 
be discussed later. Ventrally there exists a two-layered group of cells 
of which the innermost is the ventral mesoderm. The outer layer is still 
blastodermic in condition with the exception of the ventral part of the 
anterior region beyond the head fold. Here appears the beginning 
of the future stomodeal invagination. 

A study of transverse sections of an embryo of about this stage 
gives a more complete picture of the condition illustrated by Figure 52. 
Section a, Figure 53, is a transverse section of an embryo taken at about 
the position marked a, on Figure 52. The outer surface is still quite 
blastodermic in composition with the exception of the midventral line 
where the mesoderm is forming the middle plate or ventral mesoderm. 
Externally, and to the right of the ventral mesoderm, the blastodermic 
wall is altered a little; this is another indication of the future stomodeal 
invagination. Section b, taken through the anterior end of the invagina- 
tion is an embryo a little younger than Figure 52, shows a dorsal view 
of the shape of the amnioproctodeal tube. Similar cells immediately 
around the mouth of the tube in Calliphora are called ectoderm by 
Noack (1901) and those most ventral endoderm. Laterally the walls 
are greatly thickened but are still blastodermic. Ventrally the middle 
plate is seen. Section c, taken near the posterior end, shows dorsally 
and ventrally the so-called ‘‘ Keimstreifen.”” The germ band or ‘‘ Keim- 
streifen”’ consists of the middle plate in its ventral position, while the 
mesenteron occupies a position in the mid-dorsal wall. The mesenteron, 
according to Ritter (1890) and others, is composed of mesoderm and 
endoderm but other writers believe it to be wholly mesoderm. 

By the time the stage shown in Figure 54 is reached the dorsal 
invagination or the ‘‘Schwanzenfalte”’ as described by Weisman (1863) 
has become more pronounced. It is thought that the folding of the tail 
anteriorly carries the endoderm and the mesoderm dorsally. At the 
same time, however, it seems to eliminate all the undifferentiated dorsal 
blastoderm by changing it into amnion and serosa. 

Figure 54 shows two marked advances in development. The first 
occurs in the posterior region of the embryo where the ventral blasto- 
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dermic cells are differentiating into small cuboidal cells and apparently 
are pushing the proctodeal-amniotic invagination anteriorly. Ven- 
trally and anteriorly to the headfold, the stomodeal plate is forming. 
Along the mid-dorsal region the blastodermic cells are apparently being 
squeezed since there is a slight bucking of the outer wall. 

A consideration of the proctodeal-amniotic tube shows that its 
anterior border is still composed of blastodermic cells. In its posterior 
region the germ cells are penetrating the wall of the tube. This part 
of the tube is later to be the posterior endoderm, as is similarly indicated 
by Noack (1901) for Calliphora. The posterior lip shows the ectoderm 
more definite than when it appears in previous stages. The inter- 
vening cells are of mesoderm and continuous with those on the ventral 
side. 

Transverse sections of embryos at this stage show no definite changes 
at the anterior end with the exception of a decided thinning of the 
middle of the lateral plates and an increase in size of the middle plate. 
Section a, Figure 55, is taken from the region indicated on Figure 54. 
The mesoderm is present here, and not in Figure 54, because the meso- 
dermal plate is split and passes laterally around the future stomodeal 
invagination. No other change in this region is apparent. Section b, 
Figure 55, is through b on Figure 54. This section gives a definite 
picture of the proctodeal amniotic tube at this time. On the dorsal 
side this tube is seen extending ventrally in flasklike form. The enlarged 
lips are presumably ectoderm. Some of the material on the neck 
is mesoderm while the flask proper is endoderm, (Noack, 1901). The 
first folds to the right and left are considered as the beginnings of the 
amniotic folds. Noack (1901) does not assign any definite function to 
the second folds. Graber (1891), however, says this fold and two 
others aid as lateral gastrulation furrows presumably to help in bringing 
the mesoderm internally. On each side a definite break is observed 
between the dorsal and ventral plate. Posteriorly, these are seen as 
invaginations which have not as yet broken through. The significance 
of this condition will be seen in later sections. Ventrally the middle and 
ventral plates are apparently in the same condition as they were in 
section c, Figure 53. The invaginations mentioned above and seen in 
the middle of the lateral plates are not true invaginations in the sense 
that cells are being moved into the body cavity in this region, but 
rather in the sense that a decided thinning of cells in this region occurs, 
moving the cells to the dorsal and ventral plates; this is accompanied 
by the folding of the tail anteriorly. Dorsally and just beneath the 
dorsal plate is seen the dorsal mesodermal plate which was brought into 
position by the migration of cells posteriorly and upward from the 
ventral mesoderm. 

In the next stage (Figure 56), the tail-fold has progressed anteriorly. 
It is evident that a decided anterior thrust has occurred because of the 
fact that the cells between the proctodeal amniotic invaginations and 
the head-fold are even more bulged than before. Posteriorly, the outer 
cells, cuboidal in shape, are presumably ectoderm. Ventrally, they 
again assume the cuboidal shape. From the arrangement of cells in 
this region, it is apparent that the mechanism which pushes the tail-fold 
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dorsally and anteriorly still persists. Ventrally, the mesoderm has 
increased in volume. Anterior to the head fold, another invagination, 
the stomoderm, appears. The proctodeal-amniotic tube, as previously 
stated, has moved forward. The ectoderm of its posterior lip has 
become more distinct and definitely connected with the band extending 
caudally. Beneath the ectodermal layer is the dorsal mesoderm. 

An important point to be kept in mind at this time is that the dorsal 
undifferentiated blastoderm is being dragged into the proctodeal- 
amniotic tube by the upgrowth of the tail-fold. This later becomes 
amnioserosa and also contributes to the mesoderm associated with the 
proctodeum. 

Transverse sections through embryos of this period show the dorsal 
and ventral plates as distinctly separate, connected laterally by the 
amnioserosa membrane which is one cell in thickness. This condition, 
however, does not exist in the most anterior region. It is probable 
that the amnioserosa had its origin in the undifferentiated blastoderm 
in the midlateral line. There is a strong suggestion that the cells 
immediately beneath this line, which were not involved in amnion and 
serosa formation, are moved dorsally and ventrally into the dorsal and 
ventral plates; hence the more anteriorly the fold has been pushed the 
more pronounced the lateral cleft. In anterior sections the walls are still 
undifferentiated and the ectoderm from the ventral sides has grown over 
the middle plate. Internally, the middle plate is growing dorsally. 
Section b, Figure 57, which is through the region marked b on Figure 56, 
is behind the opening of the tube, and the thickened dorsal plate of 
ectoderm may be seen. Its lateral sides connect with the ventral plate 
by a thin one-celled membrane, the amnioserosa. Immediately beneath 
the dorsal plate is the mesoderm of the tail-fold. The hollow tube is a 
section through the proctodeal amniotic lumen which will later be the 
proctodeum. Ventrally the undifferentiated area (ectoderm) of the 
ventral plate is proportionally thicker than that of the dorsal area. 
The middle plate of mesoderm has grown over at this region. Section c, 
taken through the lower end of the tube, shows the dorsal and ventral 
plate to be of approximately the same thickness; laterally the amnio- 
serosa is still present. Internally can be seen a continuation of the 
proctodeal-amniotic lumen. Dorsally and ventrally the mesodermal 
plates lie next to the thick ectodermal walls. 

Figure 58 represents a step just after the stage shown in Figure 56. 
The tail-fold is now further anterior, and the dorsal blastoderm is 
practically all amnioserosa with the exception of that of the head fold. 
Elsewhere, the embryo shows growth of the parts represented in Figure 
56. According to Noack the tail-fold of Calliphora reaches the extreme 
anterior end of the embryo. This condition has not been observed in 
Drosophila, but there is no reason to expect that the embryo differs 
markedly from those of related flies. This conclusion is based on the 
picture which is presented immediately after the tail-fold starts its 
posterior journey, as is shown in Figure 60. It is clearly seen that the 
proctodeal amniotic tube has been present only in the form of serosa, 
anterior to the amnion, which is being carried posteriorly with the 
retreat of the lumen. In the anterior region the cells from the ventral 
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plate are growing up and over the dorsal side. The ectoderm has taken 
on its differentiated appearance in quite a number of places along the 
ventral side. The stomodeum is seen in a transverse section of a little 
older stage (Figure 59a) in the form of a definite circular tube. Trans- 
verse sections of this stage would be but duplications of the drawing 
shown in Figure 57, with the exception that the lumen would appear in 
more sections and the opening would be more anterior. Other changes, 
such as growth of the mesoderm and endoderm, would be apparent. 

As noted above, the proctodeal amniotic tube is pushed to the 
extreme anterior pole of the Muscid embryo according to the account 
given by Noack (1901) for Calliphora. In the sections of Drosophila 
this stage is missing; however, this does not mean that this stage does 
not occur, for Figure 60 shows the lumen just after its posterior 
retreat has commenced. To understand the exact relationships of 
the various parts of the embryo at this time, the transverse sections in 
Figure 59 must be studied in detail. Section a shows that the median 
dorsal line is covered by the serosa only. Laterally the procephalic 
lobes arise from the ventral plate. Immediately beneath the serosa a 
small bit of yolk is seen. This corresponds to the region marked (a) on 
Figure 60. The walls of the procephalic lobes can be said to be entirely 
of ventral material as the dorsal cells retreat with the formation of the 
proctodeal-amniotic invagination or the tail-fold. Section b shows that 
the proctodeal amniotic tube is almost wholly of ectoderm with the 
exception of its most ventral part, which was supposed by Noack (1901) 
to be entirely of endoderm. The tube is connected dorsally and later- 
ally with the amnion by a thin layer of ectoderm. The serosa passes 
from the mediolateral sides over the amnion to the dorsal region. 
Immediately beneath the proctodeal lumen are mesodermal cells. 
Ventral to the extreme end of the tube lie the endodermal plates, 
presumably from the stomodeal invagination. Other organs are now 
differentiating, notably the nerve rudiment. The ventral ectoderm at 
this time occupies only the ventral half of the embryo, and essentially 
the same condition is seen in section (c) as in (b) with the exception 
that the lumen does not exist at this point. An horizontal section, 
(Figure 61), is shown to complete the picture of the embryo at this 
time. This section is taken near the upper dorsal surface. Anteriorly 
the procephalic lobes appear as differentiations of the ventral ectoderm 
while the lateral walls show the typical ectoderm seen in cross-section 
(Figure 59). Posteriorly the mesoderm can be seen where it comes up 
and over the dorsal side. Anteriorly and between the procephalic lobes 
is the stomodeal plate. The proctodeal lumen as seen in the center is 
flask-shaped, its anterior edge joining the amnion and its posterior 
portion meeting the endoderm. The germ cells lie to the right and left 
of the tube. In Calliphora the ectodermal part is supposed by Noack 
(1901) to be the part in the immediate region of the opening to the 
endodermal portion. He also calls this part the proctodeum. Anteriorly 
and ventrally the brain rudiment is seen; dorsally the yolk is left covered 
only by the thin serosa due to the posterior withdrawal of the tail 
which pulls the amnion posteriorly. Within the proctodeal tube an 
invagination, the future anal region of the proctodeum, is seen near the 
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posterior lip. The cellular material dorsal and caudal to the opening 
is thick and squeezed, but the ectodermal portion is just as definite as 
that of the ventral side. Internally traces of the nerve cord are appar- 
ent. Anteriorly in the stomode< il region and projecting down and 
posteriorly is a thin band of endoderm which will form the midgut. 

The extent to which the embryo is covered with ventral ectoderm 
is best appreciated by an examination of the sections shown in Figure 
63. Anterior section (a) is taken across the head fold region. Internally 
the yolk is pushed dorsally. The endoderm appears as a V-shaped 
plate. Laterally, organs of mesodermal origin are seen. Ventrally, 
the nerve rudiment has taken shape. The ventral ectoderm by this 
time has reached upward about two-thirds of the distance to the dorsal 
line and is connected dorsally by the serosa. Section (b) through the 
proctodeal opening shows the ectoderm of the dorsal plate connected 
with the amnion laterally. The amnion passes dorsally and beneath 
the serosa. The serosa passes ventrally and joins with the ventral 
ectoderm. The same condition was reported by Hasper (1911) for 
Chironomus. The other internal organs are the same as those seen in 
section (a). The posterior section (c) shows the dorsal ectoderm still 
intact. This means that the proctodeal lumen has not yet reached this 
region. The ventral ectoderm is still in the same condition as seen 
in section (c), Figure 59. There is one noticeable change, however, in 
the end of the proctodeal tube; it has split into four parts as shown in 
(c), Figure 63. Malpighian tubules have also appeared. 

By this time the embryo has reached the stage shown in Figure 64. 
More than two-thirds of the dorsal surface has become devoid of any 
covering with the exception of the thin serosa which covers the embryo 
from the most anterior end to the proctodeal tube where the amnion is 
still present. The total area covered by the dorsal umbilicus Von Rees 
(1899) in Drosophila includes the dorsal area of yolk covered by the 
serosa, as shown in section (b), Figure 65. The proctodeal tube has 
reached the posterior end of the embryo and is now apparently com- 
posed of ectoderm, with the exception of its innermost region which is 
endoderm. This posterior migration of the amnioproctodeal tube is 
best appreciated by a progressive inspection of Figures 60, 62, 64, and 65. 
One who is not intimately acquainted with Dipteran embryology would 
be forced to wonder what has become of the dorsal material just posterior 
to the amnioproctodeal invagination, which apparently was pushed 
back toward the posterior end. This question is answered by calling 
attention to the fact that while the proctodeum apparently is moving 
backward as pictured in the section above mentioned, the tail is really 
unfolding. While this unfolding is occurring there is also posterior 
differentiation. It must be remembered that some of the dorsal cells 
are still present in the form of a thin serosa. The amnion, carried 
posteriorly, consists of cells which had the same origin as the serosa 
although the total volume of this material has been reduced. If Figures 
64 and 66 are examined and compared, the above described situation 
will be appreciated. These are median lateral sections of the embryo. 
It is apparent that the dorsal material is drawn backward with the 
unfolding of the tail. These figures also show that some of the dorsal 
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cells are drawn ventrally; that is, those immediately around the procto- 
deal opening and its deeper lying parts are shown. Some of these cells 
are, however, contributed to the organs which lie within the embryo in 
the caudal region. 

This immediately brings up the question of the dorsal ectoderm. 
As was previously seen, most of the dorsal ,undifferentiated cells were 
used in amnion, serosa and proctodeal formations. The growth of the 
tail-fold forward was accomplished by the anterior push of rapidly 
differentiating ventral cells. JHence, when these are drawn posteriorly, 
is would seem not at all unlikely that that mixture of dorsal and ventral 
cells in the immediate region of the posterior lip of the proctodeum would 
be composed of cells derived from both dorsal and ventral ectoderm. 
These would possess the same genetic factors as the original cells. It 
will later be shown that this mixture of dorsal and ventral cells around 
the proctodeum is moved entirely ventrally, hence the region of the 
future rectal and genital imaginal disc may be derived from cells of 
the dorsal and ventral regions. 

Within the developing embryo of the period illustrated in Figures 
64 and 66 it is seen that some of the mesodermal cells have been included 
in the segments. These will of course later become the muscles and 
other segmental organs. Ventrally the nerve cord has become thicker 
and shows an enlargement at the anterior end, the beginning of the 
brain (Figure 66). The endoderm of the gut does not show in Figure 64 
since the section is cut in the median lateral plane. Figure 66, quite 
a few sections toward the lateral side, shows the endoderm creeping 
along the ventral side from the caudal region toward the posterior 
endoderm. 

Transverse sections of this stage show practically the same thing. 
In anterior section (a), Figure 65, the ventral ectoderm as yet shows 
no upward growth, the dorsal umbilicus being still open and covered 
solely by the serosa. Internally the situation is like that found in 
Figure 59, section (a). Section (b), Figure 65, shows that the ventral 
ectoderm has extended dorsally so that a little less than two-thirds of 
the egg is now covered with ventral ectoderm. The dorsal surface is 
still covered with serosa. Posteriorly the proctodeal tube is covered 
with the remains of the amnion about which lies the serosa. The 
ectoderm from the ventral sides has decidedly narrowed the dorsal 
opening at this level. 

In Figure 67 a proliferation of ectodermal cells is observed on the 
dorsal side in the head and tail regions. An examination of the procto- 
deum, whose endodermal portions have already united with that of 
the midgut, shows that it has started to migrate toward the ventral side. 
The other organs present show progressive differentiation and growth. 

Transverse sections of this stage (Figure 68a) show that the ventral 
ectoderm has reached the dorsal side. In the center of this section is 
the stomodeal tube. The middle section (b) shows that the ventral 
ectoderm has advanced dorsally as compared with Figure 65. A similar 
situation appears in section (c). The most anterior and posterior 
sections show that the embryo at these levels is slowly being grown over 
by ventral ectoderm as can be seen in Figure 69a. Here the ventral 
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Text Figure 1. Time scale of the development'of Drosophila melanogaster, 
according to Tse-Yin Chen and from the data obtained in this research. 
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ectoderm has passed laterally and dorsally over the embryo. There 
are, however, a few gaps between the extreme dorsal and ventral parts 
of the ectoderm but this is to be expected and it is reasonable to suppose 
that at the extreme anterior end where the ventral ectoderm turns dorsal 
it also gives rise to dorsal ectodermal cells. Since the total circumference 
at the poles is much less than the circumference of the embryo toward 
the middle the dorsal growth of the ectoderm will be more apparent in 
the extreme anterior and posterior regions. Section (b) is through the 
midregion of the embryo. The same relationship between the ventral 
and dorsal ectoderm is found here except that it is more apparent that 
the dorsal ectoderm is derived directly from the lateral plate. The 
cells proliferate and pass dorsally, thus filling the dorsal umbilicus with 
cells which had their origin in the ventral part of the blastula. The 
dorsal umbilicus is not entirely closed at this stage. Laterally the 
mesoderm is seen breaking up the muscle plates and other mesodermal 
organs. The intestinal tube at this point has not as yet united dorsally. 
Endodermal cells proliferating from the intestinal plates pass dorsally. 
Posteriorly in about the position last occupied by the proctodeum, the 
ventral ectoderm has closed over. Internally the proctodeum and 
Malpighian tubules may be observed. 

Complete dorsal closure of the ectoderm is shown in Figures 70 
and 71. Also the stomodeal tube has become connected with the 
endoderm of the gut, and the proctodeum has joined the midgut 
anteriorly while its outer opening has moved to the final position on the 
ventral side. It would be well to call attention again to the fact, that 
with the moving of the proctodeum to the ventral side there has been a 
shift of both ventral and dorsal cells with the change in position of the 
tube. The other organs also have become more differentiated. The 
dorsal umbilicus is now entirely closed. In any section during this 
phase the ectodermal plate which closes appears as a thin band of 
definite cuboidal cells quite different from the pointed serosa cells which 
previously filled this dorsal opening. This plate of ectodermal cells 
covering the embryo dorsally has arisen from the ectodermal cells 
which grew upward from the lateral sides of the embryo. While this 
process is occurring the remains of the serosa have been overgrown by 
other cells and pushed downward into the yolk. From now on the 
elements of the hypodermis remain relatively unchanged in their inter- 
relationships, and regardless of ensuing larval moults and other changes 
the cells of any particulat region will retain the genetic potentialities 
which they originally bore. Completion of organ formation, par- 
ticularly of the gut and the nervous system, is the most important 
feature of the next period. 

Imaginal Discs—Text Figure 1 is a time table of the life history of 
Drosophila melanogaster composed mostly by Tse-Yin Chen (1929) 
with additions by the present writer in the gastrulation period as 
discussed following herewith. Examination of this table shows that 
all the imaginal discs of the head and thorax are complete at the time 
of pupation. The abdominal discs, however, do not become visible 
until eight or sixteen hours after pupation. These are best seen in the 
pronymphal stage and appear along the lateral sides as illustrated in 
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Figure 73. Sections were made of young larvae in an attempt to 
discover the origin of these discs, but evidence was not obtained from 
such sections. Figure 72 represents a pupa eight hours after pupation. 
Here the abdominal discs are plainly seen. An examination of the 
cross-sections at the bottom of Plate VIII, especially Figure 75, shows 
the abdominal discs lying on and above the larval hypodermis. It is 
probable, therefore, that the imaginal discs are originally hypodermal. 
This opinion is held by Bruno Wahl (1901) and Lowne (1895) for the 
blow-fly and Calliphora, respectively. 

Posteriorly, in the last abdominal segment, the genital and rectal 
dise of the adult is seen (Figure 72). According to Bruno Wahl (1901) 
it is composed of four abdominal discs which have fused. This is 
comparable with Figure 76 in which three parts are shown. 

A consideration of the head and thoracic disc would be but a repeti- 
tion of the work previously done by Tse-Yin Chen (1929). Therefore, 
attention will be called merely to the position of the discs as found in my 
dissections. The heavy line around the labial buds and extending down 
and around the brain represents the inverted larval pharynx, a part 
of the larval segment which forms the adult head. The two buds 
anterior to the brain are the frontal sacs containing the antennal and 
the compound eye discs. Ventrally and toward the lateral sides are 
three pairs of leg buds. The wing and mesothoracic bud is seen in the 
second segment. 

If we try to line up all of the imaginal discs of the head and thoracic 
complex along the guter wall in order to obtain a definite idea of their 
probable original position in the ectoderm we meet with some difficulty, 
especially in trying to use transverse sections (Figure 74). If we turn 
to the diagram given in Figure 72 we find that, anteriorly, the labial 
buds and leg buds are extremely ventral. The wing and mesothoracic 
buds are ventral and lateral, but the antennal and compound-eye discs 
appear to be more dorsal than ventral. This is, of course, a correct 
way of viewing the situation because the discs of the proboscis antennae, 
and compound eyes come from the inverted pharynx, and it is supposed 
that even if these discs originate from the dorsal side of the pharynx the 
original ectoderm from which they were derived is of ventral origin in 
the embryo. Passing on into the abdominal region, the pairs of abdomi- 
nal discs are seen on the lateral sides above and below the point where 
the ventral ectoderm started its upward growth. 

A little later the total cephalic thoracic complexes are everted 
(Figure 73). The hypoderm at their bases grows dorsally and ventrally 
uniting to form the hypoderm of the adult which will in turn secrete the 
chitinous exoskeleton on which the genetic markers will be shown. 
In the abdomen the ten segments are condensed to six. The first 
two fuse to form the first adult abdominal segment, the last two are 
involved in the genital and rectal mechanism. 

The abdominal imaginal discs grow dorsally and fuse on the mid- 
dorsal line; ventrally they fuse in the region of the sternitals. The 
genital and rectal discs, of course, form the external genial and anal 
apparatus. 
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RELATION OF CLEAVAGE TO PATTERNS FOUND IN 
GYNANDROMORPHS AND MOSAICS 


A brief summary of the history of the ectoderm from the time of 
blastulation is represented diagrammatically in Text Figure 2. This 
will facilitate an appreciation of the manner in which the diverse 
patterns of gynandromorphs figured on Plates IX, X, and XI have 
been produced. Starting with Figure b in Text Figure 2, a diagram- 


matic cross-section of the late blastula, the walls are shown to be of 
uniform thickness; and the cells which make up these walls, as have 
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previously been shown, possess no constant genetic relationship with 
one another. In Figure a, the tail appears at the most posterior position, 
as indicated by the first dotted line, and is pushed anteriorly by the 
ventral blastodermic cells as shown by the heavy arrow. As the tail 
moves forward (Figure c), a split appears between the dorsal and 
ventral plates in the median lateral line (Figure d). The fold progresses 
to the most anterior end, as indicated by the arrows (Figure e), and 
a little later it begins to unfold. As this posterior retreat occurs, the 
dorsal side of the embryo is left covered only by the serosa (Figure f). 
In Figures g and h the tail has almost entirely unfolded and the ventral 
ectoderm has grown laterally and dorsally, thus closing the dorsal 
umbilicus. The amnion apparently is carried to the posterior end 
with the proctodeal opening and disappears as this opening passes 
ventrally. The thin serosa is taken into the yolk as it is grown over by 
the ventral ectoderm. This latter process was not followed in detail, 
but during the overgrowth of the dorsum by the ventral ectoderm the 
serosa is broken and the cells which composed it appear to enter the 
yolk. This is the method described for Chironomus by Graber (1891). 
The amnion, which has already been accounted for, does not follow 
Chironomus larvae in this respect. After the larva has hatched the 
cephalic and thoracic complexes manifest themselves as ventrolateral 
imaginal discs. These increase in size until pupation. At the time 
that these are about ready to evert the abdominal discs show them- 
selves as median lateral discs (Text Figure 2i). Eight hours after 
pupation has set in the cephalic and thoracic discs are everted and 
have taken on their pronymph shape as shown in Figure 74. The 
hypoderm at the bases of the discs grows ventrally and dorsally forming 
the new hypoderm of the adult. On this new hypoderm, genetically 
marked cells which are the descendants of those previously formed 
in the ventral part of the blastoderm, will now express themselves on 
the dorsal side. The abdominal discs spread themselves dorsally and 
ventrally (Figures i and j). Each dorsal disc spreads to the ventral 
lateral edge of the tergite and fuses with the hypoderm from the ventral 
disc along the lateral line. At the same time the dorsal discs spread 
dorsally and fuse along the median dorsal line. -The ventral discs fuse 
in the region of the sternitals (Figure j). 

About 72 to 96 hours after pupation the entire fly has obtained its 
full adult form and color and is ready to emerge. 

If all the above facts are considered in the discussion of gynandro- 
morphs there can be only one conclusion as to the types of gynandro- 
morphs that will be produced. These should be of all patterns, 
extremely mixed,-partially mixed, some approaching the near state of 
‘non-mixture, and a possibility of a near bilateral arrangement of male 
and female cells. 

Thirty gynandromorphs were used in following the distribution of 
cells in the blastoderm and the relation of the dorsal ectoderm of the 
adult to the elements which constitute the ventral plate. Ten of these 
gynandromorphs were obtained by using Sturdevant’s method (1929) 
from the claret mutant stock of Drosophila simulans. This cross was 
homozygous claret females by yellow males. The gynandromorphs 











1936] Parks: Mosaics of Gynandromorphs 373 


which are shown on Plate IX, Figures 77 and 88, were produced by 
natural elimination since neither parent was treated with X-rays. It 
was desirable to obtain gynandromorphs from this stock by X-raying, 
and so Patterson’s method (1931) was used. The stock from which 
these gynandromorphs were produced was heterozygous claret females 
crossed to X-rayed yellow males. Ten of these are pictured on Plate X, 
Figures 89 to 100. In order to be sure that the factor which makes the 
claret mutant stock a gynandromorphic strain was not disturbing the 
normal cleavage process, Patterson’s records on gynandromorphs were 
studied. These records include over one hundred and twenty individual 
cases carefully recorded as to the distribution of the males and female 
parts. From this group ten were chosen for illustration. The entire 
group of thirty gynandromorphs is presented on Plates IX, X, and XI. 
Here the dorsal view of each fly is shown together with a diagram of the 
more probable arrangement of its imaginal discs. These diagrams are 
based on the information given in the first part of the paper. The black 
areas indicate yellow male tissue and the white areas represent the 
normal grey female tissue. The imaginal disc drawing is the only 
simple method by which the fly as a complete insect may be seen with 
reference to its various external parts. 

On the basis of random entering of cells into the formation of the 
blastoderm, there is the possibility of all or nearly all of the cells of the 
ventral side being either male or female; however, such cases are rare. 
Evidence for this supposition is seen in Figures 99 and 100. The fly 
pictured here is from an X-rayed yellow male crossed to heterozygous 
claret females, while the other case (Figures 105, the gynandromorph, 
and 106, the hypothetical imaginal-disc diagram of Figure 105) is from 
Patterson’s X-rayed w eb sc8 stock. The cell distributions in both 
cases are very much the same, except for differences in the head and 
thoracic regions. These areas of normal cells simply mean that the 
ventral blastoderm was almost totally male but at the same time 
possessed a few female cells in this region. 

On the other hand, cases where the majority of female cells enter the 
ventral plate are shown in Figures 89 and 91. If Figure 89 is examined, 
one sees that the male cells are restricted to the left thoracic region and 
the extreme lower tip of the abdominal segments. On the same basis 
mentioned in the above paragraph, the majority of cells which entered 
the ventral plate of the embryo were female, but there was still enough 
mixture for the yellow male cells to appear in the adult. Figure 91 
is a similar case, but here the amount of male tissue is reduced to the 
minimum, showing solid yellow for some of the dorsal tergites and mixed 
for the others. The head and thorax are not involved, meaning that 
there were no male cells in the imaginal discs forming the head. Figure 
79 shows even less mixture of yellow and normal cells. An examination 
of the dorsum of this fly makes it appear that the entire left half of the 
thorax and abdomen is composed of male tissue. It is seen that this is 
not the case when the imaginal-disc diagram (Figure 80) is carefully 
examined. Almost three-fourths of the fly is normal gray, while the 
yellow male tissue is restricted to the humeral bud, a part of the meso- 
thoracic disc, the metathoracic dorsal disc, and the first five dorsal 
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abdominal discs. The area occupied by these discs in the early pupal 
stage is less than one-fourth of the imaginal disc area. The above cases 
could be accounted for by supposing that the one in which the most gray 
is present was a case of late elimination. From the evidence presented 
by Patterson (1933), it is simpler to adhere to the theory of early elimina- 
tion. The combination of the early elimination theory and the forma- 
tion of the dorsal ectoderm from the ventral plate make any one of the 
above combinations a possibility. 

On the basis of the random arrangement of cells, there should be 
gynandromorphs which show a bilateral arrangement of male and 
female parts. It should first be clearly understood that the egg from 
which the fly develops possesses a marked bilaterality laid down before 
fertilization (Conklin, 1917). Therefore, the gynandromorph is bilateral 
in the sense of body form, but does not necessarily have to be so as to 
genetic markers. There is a good case of such a fly found in Patterson’s 
data shown herewith as Figure 101. This fly is bilateral as far as shape 
of the body is concerned, and apparently as far as the animal is con- 
sidered; but if the imaginal-disc diagram (Figure 102) is examined, a 
different story is presented. All of the yellow and all of the gray are 
not on distinctly separate sides. The right side of the animal is per- 
fectly gray with no yellow mixture while on the left side, the antenna 
is gray and the sternitals are mixed. This is a case of near bilaterality 
which demonstrates than random entrance of cells into blastoderm is 
evident. It does not appear, however, that all the nuclei of the egg 
were in this near bilateral condition, but that the cells of the ventral side 
of the blastoderm were of this arrangement. 

Another case of near bilaterality is seen in Figure 87. Here the 
female side has grown in such a fashion as to push the median dorsal 
line into an abnormal position. In addition to this abnormality the 
left front leg and the antenna are gray, while the first two dorsal 
abdominal discs are yellow (Figure 88). This of course spoils the 
bilaterality of the genetic markers. 

The largest class consists of cases where mixed and non-mixed discs 
are found together on the same segment and in the same bud. With 
the exception of Figures 78, 80, 89, 90, 91, 92, 97, and 100, the remaining 
cases belong in the mixed and non-mixed group mentioned above. 
Figure 93 is an example of the mixed type. Here the left half of the head 
is almost all male except for the parts indicated. The rest of the left 
dorsum is yellow but the ventral half is not, due to the fact that the 
sternitals are of a yellow-gray mixture. The right half of the head is 
solid yellow dorsally, but ventrally this condition is not found. The 
humerus is mixed while the thorax possesses no yellow tisstie. The 
abdomen along the ventral line shows a yellow-gray mixture of sternitals. 
Dorsally the gray is predominant with the exception of the second adult 
abdominal dorsal tergite which is completely yellow. If the other cases 
of this type are examined many variations of this kind can be found. 

Another line of proof for the mixed cellular condition at the blastula 
stage is the actual appearance of mixed patches of male and female 
tissue. This is seenin Figure 77. Here the first, second and fourth left 
abdominal dorsal tergites are a complete mixture of yellow and gray 
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tissue. An examination of the imaginal-disc diagram of this fly shows 
the left abdominal side to be composed almost completely of mixed 
discs. Figures 91, 93, 95, 97, 99, 105, and 112 have the patches of 
irregular yellow and gray cells. 


CONCLUSION 


During the previous discussion of cleavage patterns in Drosophila 
melanogaster, various lines of genetic and embryological evidences were 
presented in order to show some direct relationship between the normal 
cleavage processes and the patterns found in mosaics and gynandro- 
morphs. From this evidence it is apparent, through the use of 
gynandromorphs, that some factors of mechanism of larval and adult 
ectodermal cellular formations can be followed. Cell lineage is almost 
impossible in the older sense of following the direct descendants of the 
first cleavage. Certain definite conclusions can be drawn from the 
evidence presented in this paper. 

In the first place, certain questions which have occupied the minds 
of geneticists concerning the relation of the cleavage processes when 
gynandromorphs were discussed are mentioned in the first part of the 
paper. The most important of these is the relationship of the first 
cleavage spindle to the future gynandromorph. This data proves 
conclusively that the angle of the first cleavage spindle is at random. 
This evidence combined with the random movement of the nuclei of 
early cleavage can only mean that there is no definite relationship 
between the pattern of the adult gynandromorph and the first cleavage 
spindle angle. 

The relation of the gynandromorphic patterns to the cleavage 
patterns found in the early embryo is thought to be a direct one. That 
is, the nuclear patterns result from random movement of the cleavage 
nuclei; hence, as is shown in the diagrams given in this paper, no two 
embryos in early cleavage possess the same cleavage pattern, and since 
an examination of the patterns of the various gynandromorphs show a 
complete individuality, it is thought that there is a direct relationship 
between the early cleavage pattern and the adult configuration. 

Evidence found in this paper concerning the role played by the 
cytoplasm in gynandromorphic formation is too meager to justify any 
definite statement other than that nuclear movement is apparently 
caused by cytoplasmic streaming. This, however, originates with the 
nuclei and not the cytoplasm. Therefore, the cytoplasm can play only 
a secondary part and can bear no relationship to the gynandromorph 
pattern. 

The movement of the nuclei and the random entering into the 
blastoderm produces in the blastodermic cells a mosaic condition prior 
to gastrulation. 

From the evidence obtained in following the gastrulation processes, 
it was discovered that the dorsal ectoderm of the larva came from the 
ventral plate; therefore, the genetic markers shown in a gynandromorph 
are expressions of the ventral cells in the immediate area of the imaginal 
disc. The interrelationships of the cells outside these areas can not be 
detected as they have no adult expression. It would be logical, there- 
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fore, to believe that the expression of the imaginal discs in the adult 
are indicative of the random relationship of the cells within the total 
area occupied by the discs. 

Hence the cleavage process of Drosophila melanogaster must be 
considered an indeterminate one, thus forming a mixed mosaic pattern 
in the ventral side of the blastula which will express itself in numerous 
individual gynandromorphic types. 


SUMMARY 


1. A detailed account of the embryology of Drosophila 
melanogaster from the pronuclear stage to the end of gastru- 
lation is given. Various types of early cleavage patterns are 
shown. 

2. An examination of various early cleavage patterns is 
highly indicative that the cleavage pattern of the egg of 
Drosophila melanogaster is of the indeterminate type. 

3. The angle of the first cleavage spindle is formed at 
random; all variations from anterior-posteriorly to dorso- 
ventrally situated spindle have been found. It is believed 
that there is no direct relationship between the gynandro- 
morphic pattern and the position of the first cleavage spindle. 

4. Causes for the positions and angles of the first cleavage 
spindles are discussed. 

5. Nuclear movement and drifting across the longitudinal 
axis, and in different planes of the egg are of common occur- 
rence and may be partially explained as being due to changes 
in surface tension at nuclear restitution. These might be 
directly responsible for the various patterns found. 

6. Evidence which is only slightly indicative is offered 
for positive ventral drift of nuclei upon the approach of the 
blastula stage. 

7. At the beginning of blastulation the nuclei are seen to 
enter the peripheral oédplasm at random. 

8. From the consideration of the early cleavage patterns 
the nuclei can bear no constant genetic relationship with one 
another. 

9. The egg is not covered entirely with nuclei at the instant 
the nuclei enter the periphery; hence after the cells have 
divided, if mosaic cells are present, the mosaic areas will be 
spread by cell division. 

10. Gastrulation starts as three definite changes in the 
blastula: (1) the appearance of the head-fold, (2) the ventral 
furrow, and (3) the proctodeal-amniotic invagination. 

















1936] Parks: Mosaics of Gynandromor phs 377 






11. The proctodeal-amniotic invagination is in reality an 
expression of the tail-fold in section. It is pushed anteriorly 
to the extreme cephalic end by the increased growth of the 
ventral undifferentiated blastoderm. 

12. This tail-fold, as it is pushed dorsally, also moves 
materially out of the median lateral line, leaving the dorsal 
and ventral plates connected only by the amnioserosa. 

13. When the tail unfolds, the serosa is left covering the 
dorsal umbilicus. The amnion is carried posteriorly with the 
proctodeal invagination. 

14. When the proctodeum has reached its extreme posterior 
position all of the dorsal and lateral surface involved in the 
dorsal umbilicus is covered only by the serosa. 

15. Cross-sections of the embryo made during the time the 
tail is unfolding shows the ectoderm of the ventral plate to be 
growing dorsally. The amnion is lost in the cellular changes 
when the proctodeal tube moves to its ventral position. The 
serosa is displaced and crowded into the yolk by the ectoderm 
which is growing dorsally. 

16. The location of the imaginal discs in the hypoderm of 
the prepupae and pronymph are presented in diagrammatic 
form. The cephalic and thoracic discs are found in the ventral 
and lateral hypoderm of the prepupae while those of the 
abdomen are lateral with the exception of the genital discs 
which are ventral and around the larval proctodeum. 

17. Genetic evidence, which indicates the random mixing 
of nuclei in the blastoderm, is presented in consideration of the 
cellular relationship found in an examination of the dorsums 
and imaginal discs of the various types of gynandromorphs 
shown. 

18. The individuality of each gynandromorphic pattern 
presented is offered as genetic evidence for nuclear movement 
and the random entering of the nuclei into the blastoderm. 

19. Further evidence for random movement of the nuclei 
appears in the completely mixed areas of some of the various 
gynandromorphs. 

20. It is concluded that the evidence obtained from a study 
of the distribution of the male and female parts in gynandro- 
morphs is indicative of the nuclear movement and random 
distribution of the nuclei to the blastoderm. The evidence 
concerning the dorsal ectoderm of the larva obtained in the 
embryological study of Drosophila melanogaster shows that the 
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dorsal ectoderm is of ventral origin; therefore the genetic 
markers on the dorsal and lateral side of gynandromorphs 
originally came from the ectoderm at the edges of the ventral 
plate. 
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EXPLANATION OF PLATES 


PLATE I 


1 
2 


Two pronuclei in contact median lateral section. 

First cleavage in spindle—horizontal section. 

First cleavage spindle—median lateral section. 

Two cleavage nuclei in mitosis—horizontal section. 

Two cleavage nuclei in mitosis—median lateral section. 
Two cleavage nuclei resting stage—horizontal section. 
Two cleavage nuclei resting stage—median lateral section. 
Four nuclei resting—horizontal section. 

Four nuclei mitosis—median lateral section. 
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PLATE II 


Four nuclei resting—horizontal section. 

Four nuclei in mitosis—median lateral section. 
Eight nuclei resting—horizontal section. 
Eight nuclei resting—median lateral section. 
Eight nuclei resting—horizontal section. 
Fight nuclei resting—median lateral section. 
Sixteen nuclei resting—horizontal section. 
Sixteen nuclei resting—median lateral section. 
Sixteen nuclei resting—horizontal section. 
Sixteen nuclei resting—median lateral section. 
Thirty-two nuclei mitosis—horizontal section. 
Sixty-four nuclei mitosis—horizontal section. 


Piate III 


One hundred twenty-eight nuclei—median lateral section. 

Two hundred fifty-six nuclear stage in mitosis—composite drawing of the 
six midsections; not all of the nuclei are present. 

Transverse section through anterior of 128 nuclear stage. 

Transverse section through midregion of 128 nuclear stage. 

Transverse section through end of 128 nuclear stage. 

Transverse section through anterior of 256 nuclear stage. 

Transverse section through midregion of 256 nuclear stage. 

Transverse section through posterior end of 256 nuclear stage. 

Early blastulation—a composite drawing of six midlateral sections. 

Semidetailed drawing of a single median lateral section corresponding to 
Figure 26. 

Semidetailed drawing of a single section corresponding to Figure 33. 

Median lateral section through late blastula. 

Beginning of head-fold. 

Transverse section through Figure 34. 

Transverse section Figure 35. 

Transverse section through Figure 36. 
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Transverse section through Figure 37. 

Model of Figure 15—eight nuclear resting stage 

Model Figure 17—sixteen nuclear resting stage. 

A cross-sectional projection of Figure 17. 

An actual transverse section of an eight nuclear stage drawn composite for 
comparison with Figure 44. 

Cross sectional projection of Figure 22. 

Actual transverse section of a sixteen nuclear stage drawn composite for 
comparison with Figure 46. 


PLATE IV 


Median lateral section showing beginning of proctodeal amniotic invagination 
(PAI) and the ventral furrow (VF). 

Transverse sections from an embryo a little younger than 48. 

Horizontal section showing the head-fold invagination. 

Horizontal section near ventral side showing mesoderm of ventral furrow. 

Median lateral section showing the germ cell pushed into the embryonic 
cavity of the tail-fold. 

Transverse sections of the same period as shown in 52. 


PLATE V 


Median lateral section of the embryo showing the advance of the tail-fold. 

Transverse section of the embryo of about the same time as shown by 
Figure 54. 

A more advanced stage of the tail folding anterior than shown in Figure 54. 

Transverse sections of the embryo of the time pictured by Figure 56. 

Median lateral section showing the tail-fold more advanced anteriorly; the 
amnio serosa (AMS) shows for the first time in lateral section. 

Transverse sections corresponding to Figure 60. 


PLaTE VI 

Median lateral section just after the tail has started unfolding. 
Horizontal section of an embryo about the stage shown in Figure 60. 
Median lateral section showing a further posterior retreat of the tail. 
Transverse sections of the embryo about the time shown in Figure 62. 
Median lateral section showing most of the dorsal side of the embryo covered 

only by the serosa; the proctodeum has retreated further posterior. 
A transverse section of the period shown in Figure 64. 


Pirate VII 


A lateral section of the same embrvo used in Figure 64 showing the extent 
of the dorsal umbilicus. 

Midlateral section showing the proctodeum moving to the ventral side. 
The ectoderm is starting to close the dorsal umbilicus (DB). 

Transverse sections of the time shown by Figure 67. 

Transverse sections showing the closure of the dorsal umbilicus. 

A midlateral section showing the proctodeum in its final position. The 
dorsal ectoderm has filled the dorsal umbilicus. 

Transverse sections of the embryo of the time shown by Figure 70. 


PLATE VIII 


A diagrammatic drawing of the position of the imaginal discs in the prepupal 
stage. 

The pronymph stage showing the everted cephalic and thoracic complexes; 
the abdominal discs have not spread as yet. 

Transverse section through the cephalic complex of a pupa. 

Transverse section through the pupal abdomen. 

Transverse section through the rectal and genital disc. 
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PLATE IX 


77-88. 


Diagrams showing the location of the male (y) and female tissue in 


gynandromorphs obtained from natural elimination in the cross of homozygous 


claret females by yellow males. 


The diagram to the right of each gynandro- 


morphic dorsum is the probable imaginal disc arrangement. 


PLATE X 


89-100. 


Diagrams showing the location of the male (y) and female tissue in 


gynandromorphs obtained from heterozygous claret females by X-rayed 


yellow males. 


The diagram to the right of each gynandromorphic dorsum 


is the probable imaginal disc arrangement. 


PLATE XI 


101-112. 


Diagrams showing the location of the male (y) and female tissue in 
gynandromorphs, data obtained from Patterson’s records. 


The diagram 


to the right of each gynandromorphic dorsum is the probable imaginal disc 


arrangement. 


EXPLANATION OF SYMBOLS 


A—antenna. 

AC—amniotic cavity. 
AF—amniotic fold. 
AM—amnion. 
AMS—amnioserosa. 
AB—antenna bud. 
DM—dorsal mesoderm. 
DC—dorsal closure 
DP—dorsal plate. 
DB—dorsal umbilicus. 
DE—dorsal closure ectoderm. 
DLM—broken down larval material. 


DAD—dorsal abdominal imaginal disc. 


CE—compound eye. 
CEB—compound eye disc. 
CS—chyle stomach. 
CU—cuticle. 

EC—ectoderm. 
EN—entoderm. 

B—brain. 

FAS—first abdominal segment. 
GC—germ cells. 

GRD—genital and rectal disc. 
HF—head-fold. 

H—theoretical position of the humerus 
[P—inverted pharynx. 
LF—lateral fold. 

LH—Larval hypodermis. 





LB—labial bud. 

Ll—prothoracic leg bud. 
.2—mesothoracic leg bud. 
L3—metathoracic leg bud. 
M-—mesoderm. 

MD—metathoracic disc dorsal. 
MP—muscle plate. 

NS—nervous system. 
PRL—procephalic lobes. 
P—proctodeum. 

PAI—proctodeal amniotic invagination. 
PB—proboscis. 

PL—prothoracic leg. 
STO—stomodeum. 
STP—stomodeal plate. 

SG—segment. 

S—serosa. 

SP—spiracle. 

TF—tail-fold. 

VF—ventral furrow. 

VM—ventral mesoderm. 

VP—ventral plate. 

V—ventral side. 

VAD—ventral abdominal imaginal disc. 
WMB—wing and mesothoracic bud. 
1—prothorax. 

2—mesothorax. 
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BOOK NOTICES 


PRINCIPLES OF ANIMAL PSYCHOLOGY, by N. R. F. Mater, University of 
Michigan, and T. C. ScHNerRLA, of New York University. Pages i-xiii 
and 1-529, 107 figures. Published by McGraw-Hill Book Company, Inc., 
330 West 42nd St., New York, N. Y. Price, $4.00. 


In this volume Professor Schneirla is responsible for the chapters on inverte- 
brates while Professor Maier is responsible for the chapters on vertebrate 
psychology. Each of the two areas of the work has been adjusted to the other 
in weeks of conferences between the two authors. Thus it is not a volume hastily 
put together. The authors may draw some criticism from experimentalists 
because they attempt to align all phases of animal behavior on a consistent 
philosophy from the very simple behavior of plants and unicellular organisms 
to the very plastic behavior of the higher vertebrates. Because of this attempt, 
whether in the present stage of development of the science, premature or not, 
and because both the authors are experienced writers their product is a very 
readable book. The discussion starts positively in an area of basic assumptions 
and travels a very definite path to the complex psychology of birds and mammals. 

We like particularly the points of view as evidenced in the chapter headings 
used. The work is in three divisions, Part I. Principles Discernible in the 
Behavior of Inframammalian Animals; II. Prerequisites to Behavior Dominated 
by modifiability, and III. The Nature of Modification in Behavior; Class 
Mammalia. Some of the well chosen chapter headings are: (Part I) Chapter I. 
Fundamental Characteristics of Behavior: Plants and Protista; II. First Prin- 
ciples in the Behavior of Multicellular Animals: Porifera; III. A Transition Stage 
in Specialization and in Behavior Control: Echinodermata; IV. New and Sig- 
nificant Advances in Adaptation: The Worms; V. Advances in Complexity and 
Variability of Behavior: Mollusca; VI. Basic Activities in the Phylum Arthro- 
poda; VII. Some Characteristic Activities of Higher Arthropods and. the Role 
of Modifiability. 

The remainder of Part I deals with the behavior of vertebrates. It leads 
us through the comparatively simple reactions of fishes and amphibians to the 
more elaborate behavior of reptiles and birds. Part II is a series of three chapters 
on the ‘Prerequisites of Behavior Dominated by Modifiability,’’ while Part III 
deals wholly with the plastic behavior of the mammals under the general heading 
‘“‘The Nature of Modification in Behavior.'’ This series of chapters is a summary 
of what is known, from experimental work, of the very complex problem of 
‘Tearning.”’ 

Each chapter ends with three to six references which are captioned, ‘‘Sug- 
gested Readings.’’ Obviously the authors understand the limitations of learning 
as these references are so well chosen and so limited in number that the reader 
gets none of the mental shock which so often follows the sudden appearance on 
the scene of an extensive ‘‘bibliography.’’ (The present writer could never quite 
understand why, when thoroughly relaxed in a comfortable chair while enjoying 
the summary of a brilliantly written chapter, he suddenly comes face to face with 
a ‘‘bibliography.’’ Every mental muscle tenses as he scrambles as best he can 
across this badlands to the next oasis of comfortable exposition. We react favor- 
ably to the stimulus of authors who thus appear to know some of the unpleasant 
aspects of the problem of learning.) This hasty view of the contents indicates 
what we have stated before that the authors have put conscientious effort into 
the organization of the subject. They view the field of animal behavior as a whole. 

The present reviewer gives a course on the biology of insects and for years 
has looked for a volume which will give a consistent analysis of the fundamentals 
of insect behavior as this is a phase of the work which has more interest for the 
students in his class than has any other feature of the course. We shall try the 
first seven chapters of this volume on our class. Apparently it is the first volume 
that makes any approximate fit to the needs of a teacher of entomology. Because 
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we work and write for entomologists, the first part of this volume receives emphasis 
in this notice. Probably the parts on vertebrates will be found of equal value 
to students of vertebrate behavior; however, this is an older field of knowledge 
with established competition. We enjoyed the latter parts as they seemed to 
offer sound explanations of some of the apparently uncontrolled behavior of the 
present writer’s children. We hope some day, after further studies of this type, 
to feel that we have at least a limited or even, perhaps, a working acquaintance 
with our own offspring. 

Being a McGraw-Hill publication, nothing further need be said concerning 
the quality of paper, press work and the sound binding. We recommend it to all 
teachers of entomology and to entomologists in general as it is sound animal 
behavior, is well written and is an exposition of the subject of about the extent 
that an already overworked entomologist can crowd into his study program. 


—C. H. K. 


ANCIENT ARTIZANS, by Stuart WarRD Frost. 295 pages, 152 figures. 1936. 
Published by The Van Press, 49 Beach St., Boston. For sale by the Pub- 
lisher and by the author, S. W. Frost, Arendtsville, Pa. Price, $3.50. 

This is a volume of interesting information concerning the activities of insects. 
Its interest lies in the thread of implication that in the insect world many things 
in productive work are carried on much as man carries on parallel projects. The 
chapter headings emphasize this parallelism. For example, among the seventeen 
chapters we choose the following headings as especially intriguing: Chapter III, 
Agriculturalists; IV, Masons; V, Carpenters; VI, Spinners, Weavers, Tailors, 
Lace Makers; VIII, Aviators; IX, Paper Makers; XI, Wax Workers; XII, Garbage 
Collectors; XIII, Musicians, etc. The author has been careful and does not 
appear to have carried the anthropomorphic view farther than titles, and perhaps 
some introductory sentences. Beyond this advertising intended for the layman, 
the text is a simple, non-technical description of many of the more interesting 
activities and products of insect toil. 

The volume is one for nature lovers and will be found very useful to teachers 
of beginning classes in entomology, where it will make excellent supplementary 
reading. 

Appended to each chapter is a bibliography of numerous references. These 
appear to the reviewer to be overloaded with curious and ancient titles, volumes 
that could not be referred to outside of three or four large libraries in this country. 
Before entomology became an organized science many such books were written, 
field observations by ‘‘naturalists’’ of ‘‘the curious doings of God's little creatures 
in the insect world.’’ 

While it is offside the main current of entomological investigations we feel 
that the book will be useful and will find a place in widening interest in the complex 
world of insects all about us. We should have more works of this type. It is 
sometimes quite irritating when intense experimentalists make ‘‘cracks’’ at this 
literature. In the present volume the points of view offensive to the exacting 
scientist are carefully avoided. 

The illustrations are copied from the literature and some are so vague that the 
book would have been more effective without them. It is well bound and printed 
on good paper.—C. H. K. 


ANIMAL MICROLOGY, Practica EXERCISES IN ZOOLOGICAL MICRO-TECHNIQUE, 
by MicHAEL F. Guyer. Pages i-xiv and 1-331, 76 text figures. Fourth 
Revised Edition, 1936. Published by the University of Chicago Press, 
Chicago, Illinois. Price, $2.50. 

This well known hand-book of methods of micro-technique needs no word of 
introduction as some edition of it is in constant use in every American zoological 
laboratory. This, the fourth and much revised edition has the general arrange- 
ment and appearance of its predecessors, but twenty pages of material has been 
interpolated in the text and a further ten pages added to the series of appendices. 
It is on much whiter paper than the second edition, which is at hand for com- 
parison, a quality that makes it very much more easily read. 
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If we may step out of character for a moment, this whiteness of paper in a 
hand-book is one of the very necessary elements for its success. Hand-books are 
usually referred to briefly and hurriedly, which calls for every advantage in 
arrangement of material and of readability in the way of clear type and of white- 
ness of paper. We have in the past referred to ‘‘Guyer’’ when several other 
‘‘techniques’’ have failed to answer our question. We have blamed our dislike 
of using it in its earlier forms on its arrangement, which has been at times involved, 
but we react entirely differently to this new edition on brilliant white paper, 
although the arrangement of the contents has had little general change. It is 
now a pleasure to use it. 

A new chapter is added which will bring one marked change in micro- 
technique. Chapter VII of four pages is devoted to the ‘‘Dioxan Method.” 
Dioxan is a colorless liquid, diethyl-dioxide or diethylene oxide, O(CH:CHz2).0. 
It is miscible with melted paraffin, with water in all proportions and with the 
usual organic solvents employed in the paraffin imbedding method. Thus by 
its use the excessive hardening by absolute alcohol and xylene is avoided. It 
appears to be the most useful recent improvement in micro-technique. It has 
one bad feature, which is that it does not expel air-bubbles as does alcohol, so 
that these have to be removed in vacuo. The only other solvent with the same 
range of uses as dioxan is tertiary butyl-alcohol (Sci. 82: 253, 1935). 

We have one criticism for this text which holds for each of the editions: a 
chapter on drawing which has no illustrations! The author, (Elizabeth A. (Smith) 
Dean), or perhaps the editor, cannot be very introspective. The chapter starts 
out with the generalization: ‘‘The essential phases of a subject can be condensed 
into a few pages if the drawings accurately represent the dissections or micro 
scopical preparations studied.’’ Why not apply a few clarifying illustrations to 
the subject of drawing? 

Methods of staining have made great strides forward in recent years, par- 
ticularly the Golgi methods and the triple stains. The more certain of these 
methods are included in this edition. Microtechnique in its higher levels will 
always be an art, but each year sees more of this level of art brought within the 
range of a more ordinary skill. We feel that the author has put hard work on this 
edition which will establish it as the standard American text in its field.—C. H. K. 


A CLUSTER OF BEES, by TarLtton RAYMENT; 752 pages with 60 plates and 100 
text figures by the author. Published by The Endeavor Press, 252 George 
t., Sydney, Australia. Price, £-1-1-0, postage 9 d. 

This is a volume which makes us hope that we will still be an entomologist 
in Our next reincarnation. With at least 200, and more—probably 500—species 
of wild bees in our region there will long be room for students of this fascinating 
group of busy insects. The work is not divided into formal chapters, but is a 
compilation, taxonomically arranged, of ‘‘Sixty Essays on the Life-histories of 
Australian Bees with specific descriptions of over 100 new species, and an intro- 
duction by Professor E. F. Phillips, Cornell University.’’ It is dedicated to 
T. D. A. Cockerell. 

The author has a charming but precise style and is one of the best ento- 
mological artists. The volume is a summary of a life-time of observation of the 
wild bees of south-eastern Australia. Thus it is a work of love defaced by no 
scars of hurried composition. The numerous elegant illustrations cover both the 
anatomical characters of the species and the nests (semidiagrammatic) and nesting 
sites. Quoting Professor Phillips: ‘‘In commending this book I also commend 
my friend Rayment, skilled naturalist. ... You and he are about to have a 
good time together as he conducts you over the countryside, relating the stories 
of the bees. You will feel that he is at your elbow, seeing with his keen eyes what 
you have passed unseen many time S pointing out to you the things to which you 
were blind.’’ From the author’s ‘‘Preface’’: ‘‘I have no apology to offer. . 
No one has thought it worth while to write an account of the life-histories of 
our horde of native bees—and this in spite of the fact that no other family of insects 
contributes so much to the welfare and pleasure of man. But this is the way of 
the world. The lovely but useless butterflies, and the brilliant but destructive 
beetles, have many volumes devoted to them, but the inconspicuous bees, seldom 
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clad in anything but the sombre garments of industry, receive only a modicum of 
attention.”’ 

Ever in browsing through this series of life histories one stumbles onto little 
climatic surprises, high spots of interest, which keep them from becoming dull. 
We have space to cite only one: 

Concerning the sleeping habits of Anthophora, the clay-bank bee and of its 
relatives (p. 382) the author writes: ‘‘At Gunbower, Victoria, we observed that 
the blue-banded Anthophora and the larger Asaropoda, males and females, will 
align themselves on a grass-stem for ‘sleep.’ Late arrivals endeavor to squeeze 
in between others who resent intrusion and seek to foil the laggards by spreading 
out their legs just like human beings—at least selfish ones—seeking to insure 
elbow-room. . . . It is a laughable performance.’’ Perhaps the preceding 
statement of cause and effect would not satisfy the experimentalist, but such 
bring warmth into an otherwise bleak world and do not mar the facts of 
observation. 

Rayment is one of those generous, very human enthusiasts who has stirred 
all of his friends and acquaintances to gather information for him. All have 
become bee-minded so that his correspondence greatly extended his sources of 
information. For those who became infected from his own enthusiasm he had a 
list of questions concerning habits of bees: ‘‘Is the (nest) hole in a bank, or on flat 
ground? What kind of soil? Gravel, clay, loam or silt? Does it face north, 
south, east or west? What is the diameter of the shaft, its length? Vertical, 
sloping or horizontal? If possible draw a rough diagram showing number and 
position of cells. Make a determined effort to catch a bee coming from the shaft. 
On what plants have you noticed the bees? Keep a record of the working and 
resting periods of the bees. Observe any other creatures associated with the 
nests.’’ 

We could ramble on quite indefinitely concerning this unusual book but must 
close with its recommendation to those interested in living insects, to those who 
enjoy sunshine, flowers and the doings of the busy creatures of the woods and 
the fields.—C. H. K. 





